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FOREWORD

The United States Air Force’s Phillips
Laboratory is proud to present this second edition
of Europe and Asia in Space covering the space
activities of European and Asian countries during
1993-1994. The success of Europe and Asia in
Space can be, in part, measured by the
distribution of the 1991-1992 book. To date over
2200 copies have been mailed. Requests have
been from around the world and include individuals, corporations,
educational institutions, and governments. Feedback has been universally
positive. We hope you find Furope and Asia in Space useful and
informative. We would like to hear your comments on this report. Please
phone (505)-846-1761 or send comments to:

Phillips Laboratory/XPF

Attn: Europe and Asia in Space Project
3550 Aberdeen Ave SE

Kirtland AFB, NM 87117-5776

WL/ B o

MICHAEL L. HEIL, Colonel, USAF
Commander




ii




TABLE OF CONTENTS

FOREWORD ...ttt esses s n s sse s s s e s e s e e sas s se s se s ke aanessnsseneranesseesaasenarsenerannes
PRINCIPAL ACRONYMS ... ..o rec st s st b et a s saa s as aat s e s s be s sba s nenan
1. PRINCIPAL SPACE ORGANIZATIONS AND INFRASTRUCTURE................ccccnmvnncinnninennens
1.1 EUropean Space AJENCY .......cccieireieiimnissiesiiessisiassissseissesssssssssssiesssssssasessess sassssssans

= = o= T

PG T C 1= 11 - 1Y

1 S [ T 1 -

S =T - 1=

S T 1 -

L - 1o |

1.8  People's Republic Of ChiNa .......c.cco it e s s saaes

1.9 RUSSIAN FEAeration .......cceiiiecmnneiiiniiiisisississ s s sasesssssss s sesssssssssenes s
LS L 0 = V] o = RO PRPTPN

I I U 1 (=To I g T T [ o T OO

LR {21 £=T g o O

2. SPACE TRANSPORTATION SYSTEMS AND LAUNCH FACILITIES..........c.ccoooiinninininiinsinnne
2.1 EUropean Space AJENCY ...cccciviirimisineissrissetmierinisnmismmissstnisssssssssesmnsisssesiasssssassssasssserans

P2 B C =Y 147 oSSR RP U PR

P B | 2o - T

P S [ - T DO U OO O ST RROPRP

P T | = 1

P G N T o - T o

L A o 47, T

2.8  People's Republic of China .......coooiiiiireiiee et

2.9  Russian Federation.........ccoccciiiieii e e e e s scees s rer e s s aer e s s ar e e ene s s e s naneas

b2 € o - 1 o O SR PRTSOPP

= B T = 1= o OO PP TPORTRPTRR

P R U (- ] = O TR
P20 EC I U 1) C=Te J T 1o T [o] 1 TSSO
REFEIEINCES ...ttt e n b et e s n s

3. MANNED AND MAN-RELATED SPACE PROGRAMS ..........cccooiierccrceesree e
3.1 International Space Station .........c.cvvvee i an e s

3.2  EUropean SPace AQENCY .....cccevierrrereeissersesnrsssmsssnrasssssissssmesssssessssmnessssssssmessarnesssssessonns

G T - 131 T PSRN

3.4 GEIMANY .oiirererreerrirerircreresrrsserreesererseressrsesssesssarsesseesssesssssessnresernessertressrneresnassensessssnnerenenns

R (- V-1 2 ) - [ [ PP PR TO

B NS - o T T o OO PSP USRRP PP
3.7  People's Republic 0f China .......cciiiiiiiiisiiniis i s

3.8  RUSSIaN FEEration .......ccciimiimierenrerrecinninsissnssnissinsiessissnssserseseesssnmessssnnesssnnssssnsssssn

3.9 UKFINE .o ceerecieririsrrereneressrenienenesressssnsssaresesneseserssarnesssessssrenssensraeesseseessssessonsenssnnensanneessns
REIEIENCES ...eieiiiteccere et s srer s ser e s e s s s s an e s me e s R n e s r e e s neeerenn e e e nreenaneens

4. EARTH APPLICATIONS PROGRAMS ............ccovititirnreinecnennneseresernessesssnsensnssssessansssesssenssnnasns
4.1 COMMUNICALIONS ....cereereereeeree e s rerrers s e sses et st st s e e s e e e e s e eranaasseresmenareeneranrenes
4.1.1  EUropean Space AQENCY ......cccoccrrerrierrrreeraersreesseseeseses e aeseeesesssnessessssessssssnenss

41,2 EUTELSAT .ociiteser st s s een et e ssesassse s snbssebass e sssnassensnsnsssssssenssresnsrensn

iii




4.2

43

SoaLLLpoNOOR®

PRAMABAADABAAAS
AWON=2O

TABLE OF CONTENTS
(continued)

GBIMNANY .ccuiererieeiesiteriae e e rier s srre e s eesaeeesseessseesasseesennneratsesesatansasessesntessssreesssnsensann
HONG KONG ceiire ettt ccerecene s s nre s e e s e s s e s nn e e s ar e sanane e e snenn e sanee s
(U g o E= o O OO SO SR
6T |- L S SO SO R
[ To (o] g =T 1 O PSSP
INMARSAT ..ottt ntreteere s sierrar et e ree e s s e s e s sse s st e s re v s e s sab e sneeenteasserennesaseanaren e
INTELSAT ...ttt te s s e s te s s e e saesrae s ess e s e s ne s eesteese e saensesasensensreans

LUXEMDOUIG «..eiiireriemicreniiernessneseseeessaeesssenssssessasnasssnessnnessonsenssnassessuesssoressesasassans
MEUAYSIA .....oeeenii et s e e e
NATO ettt et e st resab e b s e e ab s enesar e re shenennesorasesnnaas
NOIWAY .ottt e s et s b s et s b s re s e te s beesaee e st e ennnssaaeaas
= <L - o 1 OSSR SRRUN
People's Republic Of China ........ocve i see s
Lo oT1 [T o] o1 g 1= O UV STORPP
Russian Federation .........c.cci ettt et

Navigation and GEOTESY ......c..ccueieeicrrerirrrrr ettt s see e st s s ssan e ns e ta s srnens

4.2.1
422
4.2.3
4.2.4
425
4.2.6
427
4.2.8

EUropean SPace AJENCY ......ccvcceecreerrrrsneeereeesnrsasseessnessnssesrassessessesantsssesesssssanson
L =L o= O ST UPT PPN
INMARSAT ...t crveertessse e s s esssesssasee e Cerrererrererer et e st e reanaraen
GBIMANY ..coeeiiiee ettt et et ser e e e ee s st e s e e re s srs e se s naesae e e she s sase s e e saerenese e st annsnsn
1= 2 PRSPPI
- o= 1 [ U PO UPUPR
People's Republic 0f ChiNa .......covecciriccieeeeeen e e e
Russian Federation .........cccocvecvernrcmiiiiiire s seeeneseresisesssssesseseeesssnessevssesssnesnssees

Earth Observation and Remote SENSING ......cceevcimcimiecriinnis st

4.31
4.3.2
433
434
4.35
4.3.6
4.3.7
4.3.8
4.3.9
4.3.10
4.3.11
4.3.12
4.3.13

EUropean SPace AJENCY .....c.ccoeeereernimeiresseersereessessneeseessessaseesnessnsessionsessesneses
FIANCE c..eeveereeinriteerrre s e cer e st e sar e be s s s sresease s e rane e sanre e s senanasnesssnnesesnnesarsansesans
GBITNANY ..eeeriririicreeciriereer et r e srerssetesiane st e e s saessamteessaeeaassaeneransessrseasanasesanserensnnensn
T [ P OO

People's Republic 0f China ......ccocciiieciiiiinicieieecrr e ae e
POMUGAL ...t ser e e s e nene s e s
R {DEET E= L W T =To [=] =N 1o o AU
ST 10 (g1 2 o (-
(8] 4= U 1= U A reveerreren

iv




TABLE OF CONTENTS

(continued)
4.4  Materials SCIBNCE...c.viirircrerrtercee s rreee s s r e e sar s es e e e reres s r e seae e e reaesnnne v rees 229
4.4.1  EUropean SpPace AGQENCY .....cccercrrrrvrrenrinseesnesreesnressrsssseasseseseesssssssesssssssssesnessens 229
44,2 FTANCE cocccrrereiicrisisttis e sesnresser s sss s nresssar s e s ssss st r e s anarasanss e e s s s snnaanennesannassssatstns 231
R N C 1= 11T P 231
T O |- 1Y USRS PRSP ORPR 231
TN - o - T o OO PSP RRP 232
4.4.6 People's Republic of China ......cccoeriiiiiinieiienee et s s ssnse s esse s eeera e 233
4.4.7 RUSSIAN FEAGIAtON ...ccuveeeerereerrerrerise et serscr e rresse s s e e s e e e s e e eenssanensesanans 233
L] (=T (=T g O OO S OPON 241
SPACE SCIENCE AND EXPLORATION PROGRAMS ..........cccoooiiiieeeie e renrere e seeeresnenns 281
5.1 LIfE SCIBNCES ..erueirctirieriieriit i es s st rae s e st sbe st e st e s be s st e abessare e ae s nsensaseasesasaran 281
5.1.1  EUropean SPace AJENCY ......ccueereriiierirsisessreessanesessssssssessansessassesssressssesassserenns 281
B.1.2  FTANCE ..ottt et e et e s s s st s e s e sae s s b e e e s p e s e s s ae s e e s R aenare e ense e 282
B.1.8  GOIMANY ..ottt ierien e re e sttt st e e e te s sen et s e st e st senesarsne st e et e snenarenessanenees 283
LT O - T T ¢ OO TSRPU PPN 284
5.1.5 People's Republic of ChiNa .......cccccriiiiiimrinricrcriieetrsieeniesereeee s sess e s e s eeees 284
5.1.6  RUSSIAN FEABTAtON ....ccceeeieeieeee ettt sre s e 285
5.1.7  UKraine......cooceicnnccnninisinieninnnnns e e 286
L € = To o] 01V (o= U PSPPSR 287
521 CZECh REPUDIIC ....connre et sttt ses s s e sae s b s e e e ans 287
5.2.2 EUropean SPace AJENCY ....ccciverrerreeesesesrererssoreesssmessssessssessssessssseesesssessssrensssenssn 288
B.2.3  GEIMANY ...ciiiitiiiiiiieeree sttt s b sa e e s e rae s et e et a e e sanenensmnebes 289
B.2.4  HAIY.coeiecreesreieeire ettt ens et er ettt s bbb e et s e e eerensa et aee st seat e s 289
B.2.5  JAPAN e e ettt e e e enean 290
5.2.6 People's Republice of ChiNa .......ccccoiciirveriiricneiesreseccce e e v erreneenans 290
5.2.7 RUSSIAN FEAEration ........cccceiveeimrnriricesies e sire s ses s e sseesesnesnassassssssesanesssenss 23
B.2.8  SWEAEN .ot ctiic s etsse st s s tese e e s e e te s she e e sae s st s e e ae e et e e earenranan 292
5.2.9 United KINGAOM.....cooiiiiiiereeiiernreinre et srs e s s e s ba e sanesare s e essaeas 293
5.3  Solar System INVestigations .......c.ccvvererrrciiiirinierrerrees s aerr e s e e e e s e 293
5.3.1  EUropean Space AJENCY .....cccrerreriieriiisersscessesnsnestessnsessaeeesssessonesnsesannessessses 293
L T o - 14T T O OO PSSRSO SRR 296
B.3.:3  INAIA e e e s re e r g e s e rrs 297
5.8.4  JAPAN e s 297
5.3.5 People's Republic of ChiNa .......ccccoviivieiineiinenri e serisreses st seessaesersessne s sreaans 299
5.3.6 RUSSIAN FEABIAtioN ......cveeieeieererc et s st sen s e s e 299
5.4  Extra-Solar System ODSErvatiONS ..........cccviiieriinreenneesreesinsinsssercssie s s ssassssesesesesesssessvens 303
5.4.1  EUropean SPace AJENCY .....ccrrrrerrererrreesereessersieeraseesassessssssasseessssesssessessenans 303
B.4.2  GOIMANY ..oieieee ettt et e e st sre s s e e e s e et s s as s et e e senere e srean e 306
ST T T [ o [ O s O RPOPE N 306
Bi44  HAIY.ocuvieieeeeecteeeetes sttt eae e st s s bbbt e e bbb st bRt sas e b en bt ennenns 307
L TN - o = 1 o L PSSR 307
5.4.6 RUSSIAN FEAEration ........cccvverireeriirieiiieiiienir e serseessressresssesesnessessssssssessseessnees 309
L B = o[ o O O OO OO OO 313
Bi4.8  SWEUEN ...ttt sttt s et e sheeaaeen e e nn e et srennens 314
R = (=1 =T g To = TS SRRSO P PR 315
NATIONAL SECURITY PROGRAMS ...t sresr e saees s e be e e s e s e eseesmnans 331
6.1 IMAaging RECONNAISSANGCE .....ic.crceerireirrcrie e rtete e er e ser st e et s be s b s e s s e e e s s e e b e naeasnanes 332
L2 I T - T o= OO PSP 332
B.1.2  HAIY i e e e e s s e ae e s bar e s s n e e ren e e e s renans 333




10.
1.

TABLE OF CONTENTS

(concluded)
B.1.3  JAPAN .t e e b e e b e s 333
6.1.4 People's Republic Of ChiNa .......ccccverecerermiiiiinnieeenee s te s ses e s eesen s 333
6.1.5 Russian Federation ........c.cccimvcrerenreritiiciireinrer s ssese s strenssenes 334
L0 G T o= 1 o O OO 337
6.1.7 Western European UNiON ........c..ccciiiiinienmnreee it ssas s 337
6.2  Electronic INtelligence ..ot e 338
T~ B - 14 (ot TP 338
6.2.2 Russian Federation .........cceccceeeerenivnencinnisiensennreene s ssessssere s s s sse e ssnneerenens 338
6.3  Ballistic Missile Launch DeteCtion ..........ecceiieiirciininn et see s s sre e 343
B.3.1  FTANCE cerccrericticeierirt e tessserseere s rr s s v s sse s s ar s e s r e s s snes s eaanaerarensesanensessesaannnensnns 343
LTS TN - o - | o [ PP RRTROUPRE 343
6.3.3 RuUSSIan FeAeration ........cccovvieecierenieniisncerecnerennn s cssseerennessssnrsssosssssssnensenenes 343
6.3.4 Western EUropean UNION ........ccccveeieieeceineniieniniesiseesseessnennnsssenssesssesesssseressnenss 346
6.4 SPACE DEIENCE....ioveiieiiciiiie e et e st st s r e s r e at s naeasanee e 346
6.4.1 Russian Federation ........cccuiicrenininsticcnennine e ssisssseresesrenssseessssssssssnneenenenss 346
6.5  National Security SUPPOI SYSIEMS......ccivcriierrriniiirrccererererre et rere s ssresseeesssrensranns 349
6.5.1  Russian Federation ..........ccciirirecenmcriiscsce s e e cer e s e sre e seneee s 349
6.6  UNKNOWN MiISSION ......coiiiecceriiiinirc et ece s rrer e ssaesesen e s re s s s s e e sesveessanessasmressennesonesennsens 349
6.6.1  Russian Federation ........ccoriiiiiniinns s e s 350
R (=1 (=T o o= OO PSPt 351
SPACE-RELATED LEGAL DOCUMENTS .........cccooiiiincrcccirecnrirssrrescer e ssnessenersssanrasnasneesssns 359
7.1 Russian Decree No. 4878-1, 27 April 1993.........ooi e s sssre e s s e e seesens 360
7.2 Russian Decree NO, 4879-1, 27 ATl 1998t vcrcrscininieneererer s s ssssssesesesrerses 362
7.3  Russian Decree No. 5663-1, 20 August 1993.....cc.o it snneresane 364
7.4  Russian Decree No. 1282, 11 December 1993 ........ccciiiicriereesnnerinncssereensseeeessessseees 378
7.5  Russian-Kazakh Memorandum on the Baikonur Cosmodrome, 26 December 1993........ 383
7.6 Russian Directive No. 624-r, 3May 1994 .........cooiiriicrierierinnrrercrtesieeecnnnssseresseressaranssnsans 385
7.7  Russian Decree No. 996, 29 AUGUSE 1994 ......coivirrcimrcciiete e ss st s reen e 386
7.8 Russian Law No. 28-F3, 24 October 1994 ........coocieeiiciieiceeceren et neree s seees s rees 388
7.9  Russian Presidential Edict, 24 October 1994............ccecveriiinnrrererierecceesseeesesrrn s eeens e 389
1993-1994 EURASIAN SPACE LAUNCHES .........cccooiiriiniirirrnr e sresenes s ene e saeesnenenne 391
APPENDICES ........co oo tertcereen et s s e s et e sre e s s e e s sanr e et e ke e e s s b r e ssaneessseesenseeesansesassnserans 407
A1.  Frequencies Used by European and Chinese Satellites in 1993 and 1994 as Monitored
by the Kettering GOUP ....vcovrieiiiiiiicren st snrsse v e s see s bt e e s nenssnsnas senesessssananannenss 408
A2.  Historical Eurasian Satellite Deployment Failures .........cccccveieemrcicnnisrenecrnennscrnnsieennnns 410
A3.  European and Asian Astronauts/Cosmonauts, 1961-1994 ..........cccorvvrrerievrrcnssnvvecernnen 418
ACKNOWLEDGMENTS AND CREDITS ..........ccocccicimiiitrrrerrccecsseeensnnrereer s ssesessseresessasassnsenes 423
SPACECRAFT CLASS INDEX .........cccocciviinineesereneeenneens errerereete et rare e et et rrernrs 427
vi




ACES
ACRV
ADEOS
ALD
ALFLEX
ALOS
AMAS
AMOS
AMPTE
AOTS
APAS
APEKS
APPLE
APT
APT
ARB
ARD
ARTEMIS
ARTES
ASAP
ASAT
ASC
ASI
ASLV
ATLAS
ATSR
ATV
AUOS-SM
AUS
BNSC
BS
BSB
BSE
CAC
CALVT

PRINCIPAL ACRONYMS

Asia Cellular Satellite System

Assured Crew Return Vehicle

Advanced Earth Observation Satellite

Ariane Light Derivative

Automatic Landing Flight Experiment

Advanced Land Observing Satellite

Advanced Millimeter Wave Atmospheric Sounder
Affordable Module Optimized Satellite

Active Magnetospheric Particle Tracer Explorer
Advanced Orbital Test Satellite

Androgynous Peripheral Docking Assembly
Active Plasma Experiment

Ariane Passenger Payload Experiment

Asia Pacific Telecommunications

Automatic Picture Transmission

Emergency Locator Beacon

Atmospheric Reentry Demonstrator

Advanced Relay Technology Mission

Advanced Research in Telecommunications Systems
Ariane Structure for Auxiliary Payloads
Anti-satellite

Afro-Asian Satellite Communications

Agenzia Spaziale ltaliana (ltalian Space Agency)
Augmented Satellite Launch Vehicle
Atmospheric Lab for Applications and Science
Along-Track Scanning Radiometer

Automated Transfer Vehicle

Automatic Universal Orbital Station

Advanced Upper Stage

British National Space Centre (British Space Agency)
Broadcasting Satellite

British Satellite Broadcasting

Broadcasting Satellite Experimental

China Aerospace Corporaﬁon

China Academy of Launch Vehicle Technology

vil




CARINA
CASIMIR
CAST
CBERS
CCD
CERISE

CESAR
CGWIC
CINC
CIS

CLS
CNES
CNSA
COBRAS
COF
COSIMA
COMETS
COSMO
COSPAS
CROCODILE
Cs

CSE
CSG
CSsT
CT™M
CcTV

Cz
DARA
DASA
DCP
DCST
DEW
DFH
DFS
DGA
DLR

Capsula di Rientro Non Abitata

Catalyst Studies for Industry through Microgravity Research
China Academy of Space Technology

China-Brazil Earth Resources Satellite

Charge Coupled Device

Characterisation de I'Environment Radio-electrique par un Instrument Spatial
Embargue

Central European Satellite for Advanced Research

China Great Wall Industry Corporation

Commander in Chief

Commonwealth of Independent States

Collecte Localisation Satellites

Centre National d'Etudes Spatiales (French Space Agency)
China National Space Administration

Cosmic Background Radiation Satellite

Columbus Orbital Facility

Crystallization of Organic Substances in Microgravity Application
Communications and Broadcasting Engineering Test Satellite
Constellation for Mediterranean Observation

Search and Rescue Satellite

Croissance de Cristaux Organiques par Diffusion Liquide dans 'Espace
Communications Satellite

Evry Center for Space

Guiana Center for Space

Toulouse Center for Space

Cryogenic Transfer Module

Crew Transport Vehicle

Chang Zheng (Long March) ;

Deutsche Agentur fur Raumfahrtangelegenheiten (German Space Agency)
Deutsche Aerospace

Data Collection Platform

Data Collection System Transponder

Directed Energy Weapon

Dongfanghong (East is Red)

Deutsche Fernmeldesatellit

Delegation Generale pour |'Armement

German Aerospace Research Establishment

viii




DORIS
DRS
DRTS
DRTM
DSAT
EAC
ECS
ECS
EGS
ELDO
ELINT
ELM
EMIR
EMP
EMS
ENEA
ENVISAT
EORSAT
EPOS
ERS
ESA
ESOC
ESRIN
ESRO
ESTEC
ETS
EUMETSAT
EURECA
EUTELSAT
EVA
EXOSAT
EXPRESS
FEL
FESTIP
FGAN

FGB

Doppler Orbitography and Radio-positioning Integrated Satellite
Data Relay Satellite

Data Relay and Tracking Satellite

Data Relay and Technology Mission

Defensive Satellite

European Astronauts Center

European Communications Satellite

Experimental Communications Satellite

Experimental Geodetic Satellite

European Launcher Development Organization
Electronic Intelligence

Experiment Logistics Module

European Microgravity Research Program
Electromagnetic Pulse

European Mobile Services

National Department of Energy and Environment
Enivronmental Satellite

Electronic Intelligence (ELINT) Ocean Reconnaissance Satellite
Experimental Manned Orbital Airplane

European Remote Sensing Satellite

European Space Agency

European Space Operations Center

European Space Research Institute

European Space Research Organization

European Space Research and Technology Center
Engineering Test Satellite

European Meteorological Satellite (Organization)
European Retrievable Carrier

European Telecommunications Satellite (Organization)
Extra-Vehiclur Activity

. European X-ray Observatory Satellite

Experimental Re-entry Space System
Free-Electron Laser
Future European Space Transportation Investigations Program

Forschungsgesellschaft fur Angewardte Naturwissenschaften (German Defense
Research Organization

Functional Cargo Block

ix




FIRST
FOBS
FOV
FSw
GARP
GDP
GEO
GEO-IK
GEOS
GFz
GIE
GLONASS
GMS
GMT
GOMS
GPS
GSLV
GSOC
GTO
HEOS
HIMES

HIPPARCOS

HOPE
HORUS
HOTOL
HRPT
HST
HTP
HYFLEX
1Al
ICAO
ICBM
IKI

IML
IMO
INMARSAT
INSAT

Far Infrared and Submillimeter Space Telescope
Fractional Orbit Bombardment System

Field of View

Fanhui Shi Weixing (Return Test Satellite)
Global Atmospheric Research Program

Gross Domestic Product

Geosynchronous Earth Orbit

Geodetic Satellite - Interkosmos

Geostationary Satellite

GeoForschungsZentrum

Groupement d'Interet Economique

Global Navigation Satellite System
Geostationary Meteorological Satellite
Greenwich Mean Time

Geostationary Operational Meteorological Satellite
Global Positioning System
Geosynchronous Satellite Launch Vehicle
German Space Operations Center
Geosynchronous Transfer Orbit

Highly Eccentric Orbit Satellite

Highly Maneuverable Experiment Space
High Precision Parallax Collecting Satellite
H-It Orbiting Plane

Hypersonic Orbital Reusable Upper Stage
Horizontal Take-Off and Landing

High Resolution Picture Transmission
Hubble Space Telescope

Hypersonics Technology Program
Hypersonics Flight Experiment

Israel Aircraft Industries Ltd

International Civil Aviation Organization

Intercontinental Ballistic Missile

Institute of Space Research, Russian Academy of Sciences

International Microgravity Laboratory
International Maritime Organization
International Maritime Satellite (Organization)

Indian Satellite

—————



INTA
INTEGRAL
INTELSAT
IR

IRAS

IRE

IRIS

IRS

ISA

ISAS
ISEE

ISO

ISRO

ISS

IsTI
ISTP
ITALSAT
ITAMSAT
ITU

IUE
IZMIRAN
JCSAT
JEM
JERS
KIK
KOMSAT
KORONAS
LAGEOS
LAPS
LEO

LISS

LOX

LUT
MAKS
MARECS
MAU
MBB

National Institute for Aerospace Technology
International Gamma-Ray Astrophysics Laboratory
International Telecommunications Satellite (Organization)
Infra-red

Infra-Red Astronomical Satellite

Institute of Radio Engineering and Electronics
ltalian Research Interim Stage

Indian Remote Sensing Satellite

Israeli Space Agency

Institute of Space and Aeronautical Science
International Sun-Earth Explorer

Infrared Space Observatory

Indian Space Research Organization

International Space Station

International Space Technology Inc.

International Solar Terrrestrial Physics

ltalian Satellite

ltalian Amateur Satellite

International Telecommunications Union
International Ultraviolet Explorer

Institute of Terrrestrial Magnetism, lonosphere, and Radio-wave Propagation
Japanese Communications Satellite

Japanese Experiment Module

Japanese Earth Resources Satellite

Space Command, Control, and Tracking System
Korea Multipurpose Satellite

Complex Orbital Near-Earth Observations of Activity of the Sun
Laser Geodynamics Satellite

Liquid Apogee Propulsion System

Low Earth Orbit

Linear Imaging Self-Scanner

Liquid Oxygen

Local User Terminal

Multi-purpose Aerospace System

Maritime European Communications Satellite
Millions of Accounting Units

Messershmitt-Bolkow-Blohm

xi




MEASAT Malaysian East Asia Satellite

MEQOSS Monocular Electro-Optical Stereo Scanner

MESSR Multi-spectral Electronic Self-Scanning Radiometer
MIPAS Michelson Interferometer for Passive Sounding

MITI Ministry of International Trade and Industry

MOMS Modular Optoelectronic Multi-spectral Stereo Scanner
MOP Meteosat Operational Program

MORO Moon Orbiting Observatory

MOS Marine Observation Satellite

MPLM Mini Pressurized Logistics Module

MSG Meteosat Second Generation

MSR Microwave Scanning Radiometer

MSU Multi-Spectral Unit

MTSAT Multi-functional Transport Satellite

MURST Ministry of Universities and Scientific and Technological Research
N2oO4 Nitrogen Tetroxide

NAL National Aerospace laboratory

NASDA National Space Development Agency of Japan

NASA National Aeronautics and Space Administration

NATO North Atlantic Treaty Organization

NIKA Scientific Research Spacecraft

NKAU National Space Agency of Ukraine

NPO Scientific Production Association

OICETS Optical Inter-Orbit Communications Engineering Test Satellite
ONERA Office National d'Etudes et de Rechereches Aerospatiales
OREX Orbiting Re-entry Experiment

oTS Orbital Test Satellite

PAKSAT Pakistan Satellite

PAL Propulseur d'Appoint Liquide

PAP Propulseur d'Appoint Poudre

PKO Anti-Space Defense

PM Pressurized Module

PO Production Association

POEM Polar-Orbiting Earth Observation Mission

POLDER Polarization and Directionality of the Earth's Reflectance
PoSAT Portugal Satellite

PPEM Plan Pluriannuel d'Espace Militaire

Xii

—



PRARE Precision Range and Range Rate Experiment
PRC People's Republic of China

PRO Anti-Missile Defense

PSDE Payload and Spacecraft Demonstration and Experimentation Program
PSLV Polar Satellite Launch Vehicle

PSN Pasifik Satellit Nusantara

PT Posts and Telecommunications

PTT Platform Transmitter Terminal

PVO Troops of Air Defense

RAMOS Russian-American Observation Satellite

REC Radio Electronic Combat

RKA Russian Space Agency

RKK Rocket Space Corporation

RORSAT Radar Ocean Reconnaissance Satellite
ROSAT Roentgensatellit (X-ray satellite)

ROSIS Reflective Optics Imaging Spectrometer
ROSTO Russian Defense, Sport, and Technical Organization
RT Radio Telescope

RTG Radioisotope Thermoelectric Generator

SAC Space Activities Commission

SAFIR Satellite for Information Relay

SAGE Stratospheric and Aersols and Gas Experiment
SAR Synthetic Aperture Radar

SARA Satellite for Amateur Radio Astronomy

SARIT Satellite di Radiodiffusione Italiane

SAPS Solar Activity Patrol System

SAX Satellite Astronomia raggi-X

SBL Space-Based Laser

SCARAB Scanner for Radiation Budget

SCC Space Communications Corporation

SCIAMACHY Scanning Imaging Absorption Spectrometer for Atmospheric Chartography

SDRN Satellite Data Relay Network
SEDEX Synthese Enzymatique de Dextrane
SEM Space Environment Monitor

SEP Societe Europeenne de Propulsion
SES Societe Europeenne des Satellites

SEU Single Event Upset

xiii




SFU
SHF
SHAR
SICRAL
SLBM
SLV
SOHO
SPAS
SPAS
SPELDA
SPELTRA
SPM
SPOT
SPRN
SROSS
8SC
SSME
8SS
SSTL
8STO
STARS
START
STEP
STIVC
STRV
STS
STSP
SUPARCO
SWIR
SYLDA
SYRACUSE
TDF
TEMISAT
TMP
TOMS
TRMM
TsDKC

Space Flyer Unit

Super High Frequency

Sriharikota High Altitude Range

Sistema ltaliana de Communicazione Riservente Allarmi
Submarine-Launched Ballistic Missile

Satellite Launch Vehicle

Solar and Heliospheric Observatory

Shuttle Pallet Satellite

Solar Patrol and Alert Satellite

Structure Porteuse pour Lancements Double Ariane
Structure Porteuse Externe de Lancements Triples Ariane
Space Processing Module

Satellite Pour I'Observation de la Terre

Missile Attack Warning System

Stretched Rohini Satellite Series

Swedish Space Corporation

Space Shuttle Main Engine

Space Surveillance System

Surrey Satellite Technology Ltd

Single Stage To Orbit

Seismic Telescope for Astrophysical Research from Space
Strategic Arms Reduction Treaty

Satellite Test of the Equivalence Principle

Secondary Injection Thrust Vector Control System
Space Technology Research Vehicle

Space Transportation System

Solar/Terrestrial Science Program

Space and Upper Atmosphere Research Commission
Short Wavelength Infra-red Radiometer

Systeme de Lancement Double Ariane

Systeme de Radio Communications Utilisant un Satellite
Telediffusion de France

Telespazio Micro Satellite

Engineering Production Module

Total Ozone Mapping Spectrometer

Tropical Rainfall Measuring Mission

Long-Range Space Communications Center

Xiv

'-——_—




TsNPO
TSS
TsUP
TT&C
TUBSAT
UARS
UDMH
UHF
UK
UoSAT
us
USEF
USP
USSR
uv
VHF
VHRR
VHRSR
VISSR
VKS
VNIIEM
VNIR
VSOP
VTIR
WEU
XMM
X-SAR

Central Scientific Production Association

Tethered Satellite System

Flight Control Center

Tracking, Telemetry, and Control

Technical University of Berlin Satellite

Upper Atmosphere Research Satellite

Unsymmetrical Dimethylhydrazine

Ultra High Frequency

United Kingdom

University of Surrey Satellite

United States

Institute for Free Flyer Unmanned Space Experiments
Unified Space Platform

Union of Soviet Socialist Republics

Ultra-violet

Very High Frequency

Very High Resolution Radiometer

Very High Resolution Scanning Radiometer

Visible and Infra-red Spin Scan Radiometer

Military Space Forces

All-Russian Electromechanical Scientific Research Institute
Visible and Near-Infra-red Radiometer

VLBI (Very Long Baseline Interferometry) Space Observatory Program
Visible and Thermal Infra-red Radiometer

Western European Union

X-Ray Multi-Mirror Satellite

X-Band Synthetic Aperture Radar

XV




XVi




1.0 PRINCIPAL SPACE ORGANIZATIONS AND INFRASTRUCTURE

The high technology requirements
associated with space activity, including
satellite and launch vehicle design,
manufacture, and operations, dictate a
comprehensive and well defined organization
involving both government and industry whether
the program is of a national or commercial
nature. This section highlights the major
agencies and support functions which are
necessary for the realization of the spacecraft
and the space transportation systems described
herein. Only the principal sponsors of space
endeavors in Europe and Asia which have
broad interest and influence in space activities
have been selected (Table 1.1). Figure 1.1
indicates the relative activities of Europe and
Asia in space versus the United States.

1.1 EUROPEAN SPACE AGENCY

Since its official establishment in 1975, the
European Space Agency (ESA) not only has
become the most prominent force in the
commercial space launch services market but

also has invested substantial resources in
developing and operating scientific and
applications (Earth observation, communica-
tions, meteorology, and materials processing)
space systems. Although ESA’s ambitious
plans to perform independent manned space
operations have faltered during the 1990’s, a
long-term commitment remains. For a decade
ESA has been the third most active space-
faring organization in the world behind the
USSR/CIS and the US.

From an initial membership of 11 nations,
by 1994 ESA included 13 full members (Austria,
Belgium, Denmark, France, Germany, Iceland,
Italy, The Netherlands, Norway, Spain, Sweden,
Switzerland, and the United Kingdom), one
associate member (Finland), and one
cooperating state (Canada). Finland was to
become a full member in January, 1995.
Portugal and Greece may apply for membership
in ESA during the next several years. The
purpose of ESA is to “provide for and to
promote, for exclusively peaceful purposes,

TABLE 1.1 PRINCIPAL EURASIAN SPACE INFRASTRUCTURES.

NATIONAL CIVILIAN AGENCY

ESTABLISHED

HEAD (31 DEC 1994)

LAUNCH SITES

LAUNCH VEHICLES

PROGRAM PRIORITIES

EUROPEAN SPACE AGENCY (ESA)

CENTRE NATIONAL D'ETUDES
SPATIALES (CNES)

DEUTSCHE AGENTUR FUR
RAUMFAHRTANGELEGENHEITEN
(DARA)

INDIAN SPACE RESEARCH
ORGANIZATION (ISRO)

ISRAELI SPACE AGENCY (ISA)

AGENZIA SPAZIALE ITALIANA (ASI)

NATIONAL SPACE DEVELOPMENT
AGENCY OF JAPAN (NASDA)

CHINA NATIONAL SPACE
ADMINISTRATION (CNSA)

RUSSIAN SPACE AGENCY {RKA)

NATIONAL SPACE AGENCY OF
UKRAINE (NKAU)

BRITISH NATIONAL SPACE
CENTRE (BNSC)

1975

1962

1989

1969

1983

1988

1969

1993

1992

1992

1985

JEAN-MARIE LUTON

RENE PALLET

JAN-BALDEM MENNICKEN

KRISHNASWAMY KASTURIRANGAN

YUVAL NE'EMAN

GIORGIO FIOCOO

MASATO YAMANO

LIU JIYUAN

YURIKOPTEV

ANDREI ZHALKO-TYTARENKO

DEREK DAVIS

vewe

KOUROU

SRIHARIKOTA

PALMACHIM

SAN MARCO

KAGOSHIMA
TANEGASHIMA

JIUQUAN
TAIYUAN
XICHANG
BAIKONUR

PLESETSK

ARIANE 4

ASLV, PSLV

SHAVIT

M-38l
H-ll

Cz-2C, Cz-2D
CzZ4
CZ-2E, CZ-3,CZ-3A

MOLNIYA, PROTON, ROKOT,
SOYUZ

KOSMOS, MOLNIYA, SOYUZ,
START1

TSYKLON, ZENIT

SPACE TRANSPORTATION, EARTH
OBSERVATION, COMMUNICATIONS
SCIENCE, MANNED SPACE FLIGHT,
MICROGRAVITY

SPACE TRANSPORTATION, EARTH
OBSERVATION, COMMUNICATIONS,
MANNED SPACE FLIGHT

EARTH OBSERVATION, COMMUNICATIONS,
SCIENCE, MICROGRAVITY

SPACE TRANSPORTATION, EARTH
OBSERVATION, COMMUNICATIONS,
SCIENCE

SPACE TRANSPORTATION, SPACE
TECHNOLOGY

SPACE TRANSPORTATION, SCIENCE,
GEODESY, MANNED MODULES

SPACE TRANSPORTATION, EARTH
OBSERVATION, COMMUNICATIONS,
SCIENCE

SPACE TRANSPORTATION, EARTH
OBSERVATION, COMMUNICATIONS,
MICROGRAVITY

SPACE TRANSPORTATION, EARTH
OBSERVATION, COMMUNICATIONS,
MANNED SPACE FLIGHT, SCIENCE,
NAVIGATION, GEODESY, MICROGRAVITY

SPACE TRANSPORTATION, EARTH
OBSERVATION

EARTH OBSERVATION, COMMUNICATIONS
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cooperation among European States in space
research and technology and their space
applications, with a view to their being used for
operational space applications systems”
(Reference 1). Although cooperation with other
national and international space organizations
has been encouraged, one of the tenets of ESA
policy has been to maximize European
independence in virtually all matters of space
exploration and exploitation.

The ESA organizational structure includes a
Council for policy decisions and approval of
long-range plans and a much larger operations
arm for handling the day-to-day affairs of the
agency. The Council, led since July, 1993, by
Chairman Pieter Gaele Winters of the
Netherlands, is divided into Program Boards
and Committees staffed by national delega-
tions. Whereas the Council normally meets
once each quarter, full ministerial-level
meetings are held about every other year or as
dictated by events. As a result of significant
world political changes and economic factors,
ministerial-level meetings were held in 1991
(Munich) and 1992 (Granada) with the next
meeting scheduled for 1995.

ESA operations are managed by the
Director General, Jean-Marie Luton of France
(since October, 1990), and his principal staff
which includes five major technical directorates:
Science, Telecommunications, Observation of
the Earth and Its Environment, Manned
Spaceflight and Microgravity, and Launchers

1985 1986 1987 1988 1989

Bl UNITED STATES
EUROPE AND ASIA

£

1990 1991 1992 1993 199
FIGURE 1.1 WORLD-WIDE SPACE LAUNCH ACTIVITY.

(Figure 1.2). With headquarters in Paris and
liaison offices in Washington, DC; Kourou,
French Guiana; and Toulouse, France, ESA
runs four major facilities with a combined staff
of about 2,000 permanent employees
(Figure 1.3).

The European Space Operations Center
(ESOC) established in September, 1967, is the
primary satellite control facility for ESA
spacecraft. Located in Darmstadt, Germany,
and headed by Director Felix Garcia-Costaner,
ESOC operates detachments in French Guiana,
Belgium, Germany, and Spain and receives
additional assistance from national ground
stations in the Canary Islands, Sweden, [taly,
Kenya, Australia, and Japan. Daily control of
spacecraft such as Meteosat, IUE, ECS, and
MARECS is handled by ESOC as well as
support for international spacelab missions on
the US Space Shuttle. Upgrades at several
ground stations were underway in 1994 to
support major missions like Ulysses, ERS,
Cluster, and ISO (References 2-3).

The European Space Research and
Technology Center (ESTEC) in Noordwijk,
Netherlands, houses more than half of all ESA
personnel in its role as the satellite
environmental testing facility. Under the direc-
tion of Marius Le Fevre, ESTEC is organized
into five principal departments: Systems
Engineering and Programmatics, Mechanical
Systems, Electrical Systems, Automation and
Informatics, and Product Assurance and Safety.
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ESA HEADQUARTERS

— Primary Location: Paris, France

— Detachments: Washington, DC; Kourou, French
Guiana; Toulouse, France; Moscow, Russia; Brussels, Belgium;
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— Staff: ~ 400
EUROPEAN SPACE EUROPEAN SPACE
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- Detachments: Kourou, French Guiana; Villafranca, — Staff: ~ 18
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Maspalomas, Canarias s, Spain; Kiruna, Sweden;
Fucino, ltaly; Malindi, Kenya; Carnavon, Australia;
Ibaraki, Japan

- Staff: ~ 300
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Operational since 1968, ESTEC services
national and commercial spacecraft as well as
ESA satellites (References 4-7).

The oldest of ESA's main centers is the
European Space Research Institute (ESRIN),
established in Frascati, Italy, in 1966 by ESA's
predecessor, the European Space Research
Organization. ESRIN, with a staff of 140 led by
Francis Roscian, manages the ESA Information
Retrieval Service (ESA-IRS), Earthnet, and the
Information Systems Division. At ESRIN's Earth
Observation Data Handling Center, remote
sensing data from the European Remote
Sensing Satellite (ERS) as well as US and
Japanese Earth observation satellites are re-
ceived, processed, archived, and disseminated
(References 8-11).

The European Astronauts Center (EAC) in
Cologne, Germany, is the newest and smallest
of the four ESA centers. Approved at the ESA
Ministerial meeting of 1987, EAC began limited
operations in 1990 in anticipation of major ESA
manned space flight requirements in support of
the Hermes spaceplane and International
Space Station programs. With the cancellation
of the former and substantial delays associated
with the latter, EAC's growth has been stymied,
and by 1994 the permanent staff, headed by
Franco Rositto, was only about 20% of the
anticipated 100 personnel. However, EAC was
assisting in the preparation of the ESA-Russian
Euromir 94 and Euromir 95 missions to the Mir
space station and Spacelab flights
(References 12-13).

Although ESA developed the Ariane family
of launch vehicles, the organization does not
own a space launch facility. Instead, Ariane
launches are conducted from the French
Guiana Space Center under special

arrangement with ESA. ESA also does not
maintain its own aerospace industry, choosing
to contract with the specialized companies of its
member states to procure most spacecraft and
launch vehicle components. To finance its many
endeavors and infrastructure, ESA members
contribute to mandatory programs based upon
Gross Domestic Product (GDP) and to
voluntary programs. In both cases, however,
ESA attempts to redistribute its funds in
proportion to the contributions of its members.

Table 1.2 delineates the ESA payment
appropriations for 1993 and 1994. Taking into
account inflationary factors, both years
represent a real decline from the 1992
appropriation budget of 2967.4 MAU. However,
some programs, e.g., “Earth Observation and
its Environment,” enjoyed significant budget
increases, largely possible by the declining
development costs of the Ariane 5 launch
vehicle. The ESA budgeting process continues
to be plagued by fluctuating currency exchange
rates (References 14-15).

12 FRANCE

For more than three decades, France has
led continental Europe's push into space and
was instrumental in the creation of ESA and its
predecessor ESRO. France's first satellite,
Asterix, was launched by a domestic booster
from a French military base in Algeria. France
has been a strong promoter of European space
independence but has not hesitated to take
advantage of opportunities to cooperate with
the larger US and Soviet/Russian space
programs. France continues to pursue a broad
selection of national, bilateral, and ESA-
sponsored programs and is taking the lead in
Europe in developing military space systems.

TABLE 1.2 ESA PAYMENT APPROPRIATION, 1993-1994.

PROGRAM 1993 1994

SPACE TRANSPORTATION 1262.4 MAU (41.9%) 902.4 MAU (32.2%)
MANNED SPACE FLIGHT 372.9 MAU (12.4%) 353.9 MAU (12.6%)
EARTH OBSERVATION 324.6 MAU (10.8%) 467.1 MAU (16.7%)
TELECOMMUNICATIONS 303.5 MAU (10.1%) 277.4 MAU ( 9.9%)
SCIENCE 299.0 MAU ( 9.9%) 334.7 MAU (11.9%)
MICROGRAVITY 68.2 MAU ( 2.3%) 69.9 MAU ( 2.5%)
)

OTHER (General Budget, etc.) 383.1 MAU (12.7%) 398.2 MAU (14.2%

MAU = MILLION ACCOUNTING UNITS; 1 AU =1 EUROPEAN CURRENCY UNIT (ECU)
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FIGURE 1.4 FRENCH NATIONAL SPACE ORGANIZATIONAL STRUCTURE.

The French civilian space program is
managed by the Centre National d’Etudes
Spatiales (CNES), which was established in
1962. The principal objectives of CNES are
four-fold: “(1) orienting the French space pro-
gram by preparing Government decisions, (2)
designing, managing, and conducting the actual
programs in an industrial context, (3) furthering
the know-how of France’s space industry, and
(4) consolidating research programs with the
scientific community” (Reference 16).

After a change in government in March,
1993, the following month CNES was placed
under joint supervision by the Ministry of Higher
Education and Research, the Ministry of
Defense, and the Ministry of Industry, Posts,
Telecommunications, and Foreign Trade.
Gerard Longuet, the head of the last mentioned
ministry, assumed the portfolio of Space
Minister, only to be replaced by Jose Rossi in
October, 1994. An indirect path from the
Ministry of Transport via Meteo France also
leads to CNES for coordination of
meteorological activities (Figure 1.4).

With a contingent of nearly 2,500
personnel, the CNES staff outnumbers its ESA
counterpart. Led by President Rene Pallet since
November, 1992, CNES is managed by Director
General Jean-Daniel Levi. Pallet's term expired
in October, 1994, but he remained in office at
the end of the year as a successor was still
being sought. Previous CNES Director
Generals have moved on to assume top
positions within the French government, in-
cluding the Minister for Research and Space
and Chief of the Delegation General pour
I’Armement of the Ministry of Defense, as well
as the head of ESA, e.g., Jean-Marie Luton.
Reporting to the Director General are seven
principal directorates: (1) Programs,
(2) International Relations, (3) Long Term
Analysis and Assessment, (4) Astronauts,
(5) Industry and Technical Policy, (6) Quality
Assurance, and (7) Communications.

Analogous to ESA, CNES operates four
major centers (Figure 1.5). The largest by far is
the Toulouse Space Center, home to
approximately 1,650 personnel. Operations
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centers for SPOT, TDF, and Telecom are
located at Toulouse, which aiso directs tracking,
telemetry, and communications control centers
at Issus Aussaquel, France; Kourou, French
Guiana; Hartebeesthoek, South Africa, and
Kerguelen Island. The Guiana Center for Space
at Kourou, French Guiana, provides full launch
support services for all ESA Ariane space
launches, while the Evry Center for Space is the
headquarters for Arianespace, the CNES
subsidiary responsible for managing much of
the Ariane program. A fourth CNES center is in
charge of atmospheric balloon launchings.

In its role as promoter of the French
aerospace industry, CNES has established a
number of subsidiaries and special
organizations called GIEs (Groupements
d’'Interet Economiques). The best known
subsidiaries include Arianespace, SPOT Image,
Intespace, and Novespace. The principal
aerospace industries in France include
Aerospatiale (spacecraft, subsystems, and
materials), Alcatel Espace (communications,
subsystems, and TT&C), Arianespace (launch
vehicles), Dassault Aviation (manned
aerospace vehicles), Intespace (environmental

testing), Matra Marconi Space (spacecraft,
subsystems, and ground stations), SEP (launch
vehicle and spacecraft propulsion), and
Thomson-CSF (communications, space
technology, and ground support). In 1994 Matra
Marconi Space acquired British Aerospace
Space Systems to form the largest European
space industry. In late 1994 Aerospatiale and
Germany's DASA were negotiating a potential
merger of their space divisions.

The CNES budget authority continued to
grow in 1993 and 1994, but the increases were
essentially neutralized by inflation. The final
budget for 1994 was 11.997 billion French
Francs or 11.662 billion French Francs after
government taxes. This latter amount was
distributed among five sectors: space
transportation (40.3%), space applications
(24.1%), science (14.4%), future programs
(4.5%), and general support (16.8%). Just over
40% of the CNES budget is earmarked for
France's contribution to ESA. Meanwhile, the
French military space budget grew from 3.5
bitllion French Francs in 1992 to 4.1 billion
French Francs in 1994 (References 17-18).




1.3 GERMANY
Under a major governmental restructuring

in 1989-1990, a new German space agency,

DARA (Deutsche Agentur fur Raumfahrtan-

gelegenheiten) GmbH, was created and seven

national space goals were established:

“ increase scientific knowledge of the
universe, our solar system, the Earth and
the conditions for life on our planet and to
enlarge the possibilities for research;

* contribute to solving environmental
problems by means of Earth observation
satellites and promote further world climate
research;

* improve public and commercial infra-
structure and services by means of
spacebound telecommunications, position-
ing and navigation;

» stimulate technological progress and
thereby contribute to improving the
competitiveness of the German economy;

¢« make access to space and its utilization
safer and more economic;

* promote international cooperation
especially in the field of science and
technology and improve the possibilities of
extending aid to developing countries;

* realize the verification and control of
treaties covering disarmament, crisis
management and Earth observation for
environmental purposes alongside our
European partners.”

DARA, which assumed and consolidated
the activities of the former West and East
German space agencies, is headed by a
Director General and is staffed by a group of
only about 285 personnel. The founding
Director General of DARA, Prof. Dr. Wolfgang
Wild, retired in the Fall of 1993 and was
replaced on 1 October by Dr. Jan-Baldem
Mennicken, former Chairman of DARA's
Supervisory Board and member of the Ministry
for Research and Technology. National long-
range planning and oversight of DARA is
achieved by the Cabinet Committee and the
State Secretary's Committee formed by
representatives of seven ministries and the
Federal Chancellery (Figure 1.8). With its
limited resources, DARA is largely restricted to
policy and top level management tasks
(Reference 19). During 1993-1994 DARA
underwent an internal reorganization emerging
with four major technical diréctorates: (1) Space
Science and Infrastructure System, (2) Earth
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Observation and Telecommunications,
(3) Industrial Affairs and Engineering, and
(4) Budget and Strategic Planning.

While DARA is instrumental in establishing
space policy and goals and is the interface with
ESA, the German Aerospace Research
Establishment (DLR, Deutsche Forshungsan-
stalt fur Luft and Raumfahrt) conducts the
technical and scientific research and performs
the operational support required to implement
that policy. DLR was formed in 1969 with the
merger of national aerospace research and test
organizations as DFVLR but was reorganized
and renamed in 1989 at the time DARA was
created. One of the consequences of this
reorganization was the transfer of major
program management functions from DLR to
DARA.

With approximately 4,700 personnel led by
Chairman Walter Kroell, DLR is involved in a
broad spectrum of basic and applications
research in addition to operations, and as the
name implies the organization's charter
includes activities which are not space-related.
In fact, these non-space endeavors account for
approximately one half of the annual DLR bud-
get. Headquartered in Cologne, DLR is divided
into six major directorates: (1) Flight Mechanics
and Guidance and Control, (2) Fluid Mechanics,
(3) Materials and Structures, (4) Energetics,
(5) Telecommunications Technology and
Remote Sensing, and (6) Scientific-Technical
Facilities (Reference 20).

DLR operates major research centers in
Braunschweig, Cologne-Porz, Gottingen,
Oberpfaffenhofen, and Stuttgart.
Oberpfaffenhofen is the home of the German
Space Operations Center which has supported
numerous national, ESA, and bi-lateral space
missions for more than 20 years. Nearby are
DLR’s Manned Space Laboratories Control
Center, User Data Center, and Automation in
Orbit Center. The Crew Training Complex and
the Microgravity User Support Center are
located in Cologne-Porz. Germany is also the
site of two of ESA's four major space centers:
the European Space Operations Center in
Darmstadt and the new European Astronauts
Center in Cologne.

Although Germany lacks a domestic space
transportation system or launch facility, the
nation is the only non-Russian European
country to possess a credible, albeit |imited,
space surveillance capability. The German

Defense Research Organization (FGAN,
Forschungsgesellschaft fur Angewandte
Naturwissenschaften) operates the High Power
Radar System consisting of a 34-m diameter
dish antenna, an L-band tracking radar, and a
Ku-band imaging radar. Located at Wachtbeg-
Werthoven outside Bonn and housed within a
49-m diameter radome, this system can perform
selected observations on objects in Earth orbit
(Reference 21).

The nature of the German aerospace
industry changed significantly at the beginning
of the decade when the formation of Deutsche
Aerospace (DASA) brought together some of
the most influential space manufacturing firms.
DASA’s four subsidiaries are now Dornier
(unmanned and manned space systems),
Messershmitt-Bolkow-Blohm (MBB; spacecraft,
subsystems, and ground support equipment),
Motoren- und Turbinen-Union (MTU;
propulsion), and Telefunken Systemtechnik
(subsystems, materials). As noted in the
previous section, the Space Systems Group of
DASA may merge with Aerospatiale in the near
future. Other important aerospace companies
include ANT Nachrichtentechnik GmbH
(communications spacecraft, subsystems),
MAN Technologie (space vehicle engineering),
and Siemens (communications, subsystems).
The firm Kayser-Threde GmbH specializes in
microgravity research and is a major facilitator
in the European exploitation of Russian space
technology.

The German national budget for space
activities grew slightly in 1993 to 1.8 billion
Deutsche Marks but fell back to 1.6 billion
Deutsche Marks in 1994. Moreover, slightly
more than two-thirds of the 1994 appropriation
was designated as Germany's contribution to
ESA. Space Science commands the highest
priority of the basic technical disciplines.
Surprisingly, Germany's military space budget,
which to date has been exceedingly minor, may
soon rival the civilian budget with a projected 10
billion Deutsche marks spent over the 1995-
2004 period (References 19, 22-24).

1.4 INDIA

Despite its limited resources, India has and
is continuing to develop a broad-based space
program with indigenous launch vehicles,
satellites, control facilities, and data processing.
Since its first satellite was orbited by the USSR
in 1975 and its first domestic space launch was



conducted in 1980, India has become a true
space-faring nation and an example to other
Eurasian countries wishing to move into the
space age. Today’s Indian remote sensing,
communications, and meteorological satellites
are comparable to many similar space systems
operated by more affluent countries, and by the
end of the decade India may be one of only a
half dozen countries/organizations with a
geostationary launch capability.

The Indian Space Research Organization
(ISRO) was established in 1969 and is currently
under the Department of Space (Figure 1.7). An
inter-ministerial Space Commission coordinates
space-related issues at the highest government
levels for policy-making and implementation
through the Department of Space and ISRO.
Along with ISRO in the Department of Space
are the National Remote Sensing Agency, the
National Natural Resources Management
System, the National Mesosphere-
Stratosphere-Troposphere Radar Facility, and
the Physical Research Laboratory. The
Chairman of ISRO since 1984, Prof. U. R. Rao,
stepped down and was replaced in April, 1994
by Krishnaswamy Kasturirangan, who also
carries the titles Secretary of the Department of

Space and Chairman of the Space Commission.
With headquarters at Bangalore, ISRO now
boasts of a workforce of approximately 17,000
(References 25-27).

ISRO oversees five major centers and
various units. The largest facility is the Vikram
Sarabhai Space Center at Trivandrum, near the
southern tip of India, where emphasis is placed
on propulsion and launch vehicle technology as
well as spacecraft subsystems. The ISRO
Satellite Center in Bangalore is the lead center
for all satellite development. Ali Indian space
launches originate from the Sriharikota High
Altitude Range (SHAR) Center on Sriharikota
Island in the Bay of Bengal. The Liquid
Propulsion Systems Center is actually
distributed among facilities at Bangalore,
Mahendragiri, and Trivandrum. Finally, the
Space Applications Center at Ahmedabad has
the responsibility to ensure that practical
applications of space technology are realized.
ISRO also operates a Telemetry, Tracking, and
Command Network for satellite control
(Reference 28).

A large portion of India's aerospace
expertise remains within ISRO, but a
commercial industry continues to be nurtured.
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ISRO created the Antrix Corporation in 1992 to
market space and telecommunications
products, and in the same year established a
policy to promote the commercial procurement
of space technology components rather than
their manufacture within ISRO. Today,
approximately 50% of the ISRO budget goes to
Indian industry, although a subsequent portion
may be used to purchase foreign equipment.
Facilities construction and development are
often provided by a separate Civil Engineering
Division of the Department of Space
(References 25, 29-30).

The annual ISRO space budget period runs
from 1 April to the following 31 March. From the
1993-1994 budget year, appropriations
increased by about 12% to nearly 8 billion
Rupees (compared with approximately 5 billion
Rupees for 1992-1993) with an even sharper
increase forecast for the following year. Slightly
more than 40% of the annual outlays are
designated for launch vehicle development and
operations. A separate government allotment is
given to the Antrix Corporation which is not yet
self-sufficient.

1.5 ISRAEL

The newest member of the so-called space
club is Israel which has conducted only two
successful space launches, the first in 1988 and
the other in 1990. Following in the footsteps of
India, Israel is first concentrating on the
development of refatively simple launch
vehicles with low payload capacity and of
satellites based on proven technologies. Future
activities may be biased toward the deployment
of more sophisticated space systems (via
domestic and commercial foreign launch
services) rather than a significant advance in
booster capability.

The Israeli Space Agency (ISA) was
created in 1983 under the Ministry of Science
and Technology and is chaired by Prof. Yuval
Ne’eman. The Director General of ISA, Aby
Har-Even, manages the agency in its duties to
run the nation’s space program, to coordinate
research and space studies, and to promote the
“development of space-related products by the
private sector” (References 31-32). Cooperat-
ing with ISA to exploit Israel’s fledgling
capabilities in space are the Interdisciplinary
Center for Technological Analysis and Fore-
casting of Tel Aviv University and the National

Committee for Space Research of the Israeli
Academy of Sciences and Humanities.

To date Israel's industrial base for launch
vehicle and satellite development is narrow.
Israel Aircraft Industries Ltd (IAl) was the princi-
pal designer and manufacturer of the Shavit
solid-propellant booster and the Ofeq
experimental spacecraft and is developing the
Amos geostationary communications satellite.
Rafael, Israel Armament Development
Authority, was responsible for the AUS-51
which has served as the third stage motor of
Shavit launch vehicle. The Asher Space
Research Institute of the Technion Institute of
Technology is developing the small Techsat
(aka Gurwin-1), a 50-kg class satellite
scheduled for launch in 1995, and El-Op
Electro-optics Industries specializes in
spaceborne sensors.

The official ISA annual budget is only about
$50 million, but this does not cover launch
vehicle development or most satellite programs.
Instead, Israeli industry is making substantial
investments in space technology, while the
Ministry of Defense underwrites much of the
infrastructure, including the Shavit launch
vehicle and the Palmachim launch facility
(References 33-36).

16 ITALY

Italy was one of the first European nations
to operate its own Earth satellite (launched by
the US in 1964), and during 1967-1988 the
nation conducted nine launches from the San
Marco Indian Ocean platform with the assis-
tance of the US. Despite significant achieve-
ments in space science, geodesy, and man-
rated spacecraft modules, Italian progress in
space exploration and exploitation has slowed
considerably during the 1990's as national fiscal
constraints and bureaucratic upheavals have
taken their toll.

A governmental reorganization in 1988
established the ltalian Space Agency (ASI,
Agenzie Spaziale ltaliana) under the Ministry of
Universities and Scientific and Technological
Research (MURST) and its Undersecretary of
Space (Figure 1.8). Beginning in 1992 ASI
came under intense scrutiny for its budgetary
and program management handlings. Shortly
after the appointment of Umberto Colombo to
the post of Minister of MURST in May, 1993,
ASlI's long-time President, Lucianno Guerriero,
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and Director General, Carlo Buongiorno, left the
agency. On 1 September 1993, Giampietro
Puppi, a past president of ESRO, assumed
duties as interim commissioner of ASIL. Then, in
February, 1994, Giorgio Fiocco, a professor at
the University of Rome, was selected as the
new president of ASI. Later, Prof. Mario
Calamia, was tapped to be ASl's Director
General. However, in late September, 1994, the
Italian government announced its intention to
transfer ASI from MURST to the National
Department of Energy and Environment (ENEA)
in June, 1995 (References 37-45).

ASl is a relatively small organization with a
staff of little more than 100 personnel and head-
quarters in Rome. The agency’s Board of Direc-
tors is advised by two 12-person committees:
the Scientific Committee and the Technical
Committee. To implement the national space
program ASI works closely with the University
of Rome and the National Research Council.
The former, through its Aerospace Research
Center, manages the San Marco space launch
facility in the Indian Ocean near Kenya. How-
ever, relations between ASI and the University
of Rome became strained in 1991-1992 over
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different views concerning the means of

improving ltaly’s space launch capability. No

Italian space launches have occurred since

1988 as the nation continues to wrestle with the

development of a Scout follow-on. The National

Research Council, through its CNUCE institute,

supports ASI in areas of mission analysis,

mission design, and data handling, and works
with ltalian aerospace industries.

With assistance from ASI, the ltalian
government adopts 5-year space plans to
establish national goals and for long-range
budgeting purposes. The guidelines proposed
for the 1990-1994 Italian national space plane
included:

“ significant importance of fundamental
research, toward which 15% of the national
financing activity is dedicated, in com-
pliance with the law constituting the ASI...

+ strong impetus toward development of
industrial type activity...

* reinforcement of initiatives aimed at
favoring installation in the South, of new
structures having high technological content
and with the potential to have a broad
impact on the production apparatus...




» consolidation of educational and training
activity aimed at the need within the space
sector to encourage qualitative growth of
the human factor in national enterprises and
research structure which, faced with the
European reality, are in no way adequate or
large enough;

* substantial balancing between national
activity and Italian participation in ESA...

» strong characterization at the international
level...

» promotion of initiatives tending toward an
increasingly efficient coordination with
national administrations and agencies
dedicated to the fulfillment of operational
activity connected with the development of
space activities...”

The principal Italian corporation involved in
space activities is Alenia Spazio which was
formed in 1990 with the merger of Aeritalia and
Selenia. The new firm, responsible for
approximately 70% of ltaly's industrial space
activities, is broad-based, supporting both
ltalian and European programs with spacecraft,
subsystems, ground stations, and related soft-
ware. BPD Difesa E Spazio is Italy’s leading
company for launch vehicle and spacecraft
propulsion.

The 1990-1994 five-year plan had
envisioned substantial increases in ASI's
annual budget, from 1.0 trillion Lira in 1990 to
2.1 trillion Lira in 1994. However, national fiscal
constraints capped the annual allocations to 0.8
trillion Lira for each of 1992, 1993, and 1994,
while inflation and the devaluation of the Lira
have actually reduced the real value of the

budget. To offset both the budget shortfall and
the effects of inflation, ASI has been granted
the authority to borrow money, e.g. 0.7 trillion
Lira for the period 1993-1994. Italian law
requires that 15% of the ASI budget be
expended for basic scientific research, but in
recent years the interpretation of that mandate
has led to serious internal governmental
disputes. Nearly 50% of the 1994 budget was
set aside for space transportation and
International Space Station activities in nearly
equal amounts. Despite the fact that the
proportion of the ltalian space budget
earmarked for ESA has risen from less than
50% in 1991 to nearly 75% in 1994, ltaly has
experienced difficulties in meeting its
obligations as ESA's third major member. In
1994 ESA agreed to loan funds to Italy in the
amount of 0.19 billion Lira over a three-year
period (Reference 46-49).

1.7 JAPAN

Japan is unique among the Eurasian space
nations with two, relatively independent national
space organizations: one for applications and
one for science. Both not only fund and
manage satellite programs but also develop
families of launch vehicles and maintain
separate launch facilities to place the satellites
in orbit. The government structure is further
complicated by the various ministries and
agencies which support these organizations
(Figure 1.9). The Space Activities Commission
(SAC) annually reviews Japan’'s Space
Development Program to coordinate national
space activities and to draft departmental
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including the Tanegashima Space Center for
space launches, the Kakuda Propulsion Center
for the development of launch vehicle
propulsion systems, the Tsukuba Space Center
for satellite tracking and control, and the Earth
Observation Center for data processing of
remote sensing information (References 52).

Working under the Ministry of Education,
the Institute of Space and Aeronautical Science
(1SAS) is devoted to space science research
and the development of satellite and launch
vehicle, e.g., M-38ll, technologies needed to
support this objective. Until 1981 ISAS was a
part of the University of Tokyo. The Director
General of ISAS, Ryojiro Akiba (since February,
1992), heads 11 technical divisions with 300
staff and 100 graduate students and is advised
by a Board of counselors and an Advisory
Council for Research and Management
(Figure 1.11). ISAS’ primary facilities include
the Kagoshima Space Center for space
launches, the Noshiro Testing Center for launch
vehicle propulsion system development, and
the Usuda Deep Space Center with a 64-m
diameter antenna for satellite tracking and
control (References 53-56).

budgets. The chairman of SAC is the Minister of
State for Science and Technology. Since the
first domestic launch of a Japanese satellite in
1970, the country has become a major space
power, perhaps surpassed in all Europe and
Asia by only the Russian Federation and the
multi-national ESA (References 50-51).
The National Space Development Agency
of Japan (NASDA) currently receives about
' 75% of the national space budget primarily via
the Science and Technology Agency of the
Prime Minister's Office, the Ministry of
Transport, and the Ministry of Posts and
Telecommunications. NASDA, with a workforce
of nearly 1,000 personnel, is responsible for the
development of Japanese communications,
meteorological, and Earth observation
satellites as well as the large H-class launch
vehicles. NASDA also oversees Japan’s
participation in the International Space Station
and is behind the proposed HOPE spaceplane.
The President of NASDA since 1990, Masato
Yamano, supervises five major technical
offices: Space Utilization, Space Transporta-
tion, Satellites, Earth Observation, and
Research and Development (Figure 1.10).
NASDA operates several large space centers
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In 1963 Japan's National Aeronautical
Laboratory was reorganized into the National
Aerospace Laboratory (NAL) with the
incorporation of a space division. As its name
implies, the NAL conducts research with a wide
range of atmospheric and space systems with
an emphasis on airframe and propulsion
technologies. As a subordinate organization to
the Science and Technology Agency, NAL often
supports NASDA programs, e.g., in the
development of the LE-5 and LE-7 main
engines for the H-Il launch vehicle. The Director
General of NAL is Kazuaki Takashima with
responsibility for 450 staff (75% involved in
research) in numerous divisions and groups.
The Space Technology Research Group is
further divided into 13 subgroups covering all
major space technologies. From headquarters
in Tokyo, NAL operates the Kakuda Research
Center, associated with NASDA's Kakuda
Propulsion Center (References 57-59).

Japan benefits from a strong interest in
space activities by the giants of industry.
Moreover, these firms invest considerable
private resources to conceive long-term
projects which may not be realized for a decade
or more. Mitsubishi Heavy Industries and
Nissan Motor Company are the major launch
vehicle manufacturers for NASDA and ISAS,
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respectively. Mitsubishi Electric Corporation,
Nippon Electric Corporation, and Toshiba
Corporation all have credentials as satellite
prime contractors. Fuji Heavy Industries Lid.
and IHI Company Ltd. both support
development of reusable space transportation
systems and the Japanese Experiment Module
for the International Space Station. Sumitomo
Heavy Industries is well known for launch
vehicle support facilities, and Shimizu
Corporation is leading industry in the design of
long-range facilities, including outposts on the
Moon and Mars. -

By 1994, the Japanese government was
investing in excess of $2.5 billion annually, and,
as space budgets in the West decline,
Japanese expenditures continue to experience
real growth. The total space budget increased
nearly 15% between 1992 and 1994, reaching
almost 230 billion Yen. During this same period,
NASDA's budget increased 17% to 164 billion
Yen, but ISAS's budget increased only 3% to 21
billion Yen. Of the record 12 billion Yen
allocated to NAL during 1994, 4.5 billion Yen
constituted the space budget.

1.8 PEOPLE'S REPUBLIC OF CHINA
The PRC'’s first domestic space launch took
place just two months after Japan’s first mission




in 1970, and since then the paths of these two
Asian countries have been remarkably similar.
Like Japan, the PRC averages only a few
missions each year and has developed the
means to reach both LEO (including sun-
synchronous missions) and GEO. However,
the PRC has launched relatively few scientific
satellites and has accumulated extensive
experience with recoverable spacecraft.

In 1968 the China Academy of Space
Technology (CAST) was formed to manage the
technical development and application of space
launch vehicles and spacecraft. Until recently,
this extensive program was directed principally
by the Ministry of Aerospace Industry (1988-
1993), but a major reorganization in 1993
affected most of the aerospace industry. By the
end of 1994 the China Aerospace Corporation
(CAC or CASC) and the China National Space

Administration (CNSA) had assumed the

authority previously held by the Ministry of
Aerospace Industry (Figure 1.12). However, the
two new organizations are not independent,
sharing a number of responsibilities as well as
personnel. For example, the President of CAC,
Liu Jiyuan, is also the Administrator of CNSA.
Liu Jiyuan was formerly the Vice Minister of the
Aerospace Industry and the Vice President of
CAST and is a graduate of the Bauman

Polytechnic University in Moscow. The principal
role of CNSA is to serve as PRC's interface with
other national space agencies, while CAC
exerts primary control over the national space
program (References 60-63).

CAST has retained its responsibility for the
design and manufacture of most Chinese
satellites, e.g., recoverable, communications,
and scientific spacecraft, and operates a
number of institutions and factories to meet
satellite development and testing requirements.
Meteorological spacecraft are created by the
Shanghai Academy of Spaceflight Technology's
Shanghai Institute of Satellite Engineering,
which until 1993 was also a part of CAST.
During the 1980's the Shanghai Academy of
Spaceflight Technology, then known as the
Shanghai Bureau of Astronautics (founded in
1969), supervised 10 research institutes and 12
factories with a workforce of more than 30,000
for the production of both spacecraft and launch
vehicles.

Launch vehicle construction is largely
divided between the Shanghai Academy of
Spaceflight Technology and the China
Academy of Launch Vehicle Technology
(CALVT), formerly the Wan Yuan Industry
Corporation, founded in 1957. The Shanghai
Academy of Spaceflight Technology builds the
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first and second stage structures of the CZ-3
launch vehicle and is responsible for the CZ-2D
and CZ-4 boosters, while CALVT managed the
development of the CZ-2C and hypergolic and
cryogenic engines. Solid propellant retro motors
and apogee kick motors have been developed
by the Northwest Chemistry Dynamics
Corporation, and spacecraft thrusters are built
by the Beijing Institute of Control Engineering
and the China Academy of Sciences' Lanzhou
Institute of Physics. CAC's Hexi Company has
developed a new solid propellant perigee kick
stage motor scheduled for a flight in 1995.

Another major firm governed by CAC is the
China Great Wall Industry Corporation
(CGWIC). Established in 1980, CGWIC in 1985
was selected to handle the import and export of
Chinese space technology and products with an
objective to arrange for the launch of foreign
spacecraft by Chinese boosters on a
commercial basis. In July, 1993, the China
Satellite Launch Agents of Hong Kong Ltd. was
established to promote the commercial use of
Chinese recoverable spacecraft.

The China Satellite Launch and TT&C
General organization is responsible not only for
the launch of all Chinese space boosters but

also for their vital tracking, telemetry, and
control functions. All three Chinese launch
centers and the TT&C infrastructure come
under its jurisdiction. In all, the organization
claims a workforce of more than 20,000,
including Luoyang Tracking and Communica-
tions Technology Center and the Beijing Special
Engineering and Design Institute.

The China Academy of Sciences apparently
plays a minor role in the national space
program. While its institutes may contribute
some components, instrumentation, and
scientific experiments, the academy is rarely
mentioned in reports and documents on space
activities.

Until 1994 financial details of China's
military and civilian space programs were con-
sidered state secrets. Moreover, the Chinese
governmental budget structure, like that of the
former Soviet Union, was not amenable to such
specific accountings. Recently the Chinese
annual budget for civil space activities,
including research and development, launch
vehicle and satellite production, and launch site
tests, has averaged 1.4-1.5 billion Yuan. Actual
launch and satellite control operations are
financed separately (References 64-66).

President

State Duma
Cabinet ot Board of
Ministers Experts
L
| I ]
Russian Russian Ministry of Other Ministries
Space Agency  Academy of Science Deflense and committees
Committee on Military Space Forces
Defense Industries
] I
Golitsyno-2 Mozhayskly Central Sclentific
Main Center for Cosmodromes  yyyary Space Research Institute
Testing and Controlling - Englineering on Space
Space Devices Academy Technology
Scientific Research Centers - "i
I ] I 1 Balkonur Plesetsk Svobodnyy
TsNIlIMash NITP NiKhmmash Agat (under construction)
NPO Energiya NPO Lavochkin KB Khimmash
Khrunichev Center NPO PM NPO Kompozit
NPO Mash NPO Polyot NPO IT
NPO Foton NPO KP Tekhnomash

16

FIGURE 1.13 RUSSIAN NATIONAL SPACE ORGANIZATIONAL STRUCTURE.

EEEEEEE———




1.9 RUSSIAN FEDERATION

For nearly 30 years the USSR was the most
prolific builder and launcher of artificial satellites
in the world, accounting for 68% of the 3,400
international space missions conducted from
1957 to its dissolution at the end of 1991. The
sheer magnitude of this effort led to a highly
structured, albeit Byzantine, system of space
program development, funding, and
implementation. Early plans to transform the
Soviet space infrastructure into a Common-
wealth of Independent States (CIS) family of
space programs failed to mature, and the
Russian Federation, via the Russian Space
Agency (RKA) and the Russian Military Space
Forces (VKS) both founded in 1992, inherited
the responsibility for maintaining a diverse
constellation of approximately 170 operational
spacecraft and the industry behind it
(Figure 1.13). A CIS Interstate Space Council
still exists and sets budgets and priorities but in
practice it is subservient to the Russian space
program.

The RKA, led by General Director Yuri
Nikolayevich Koptev, is still a relatively small

organization (few hundred personnel) with
largely administrative functions, but, particularly
during 1994, the agency began assuming
greater power as several industrial concerns
joined its modest scientific research center
association (Figure 1.14). The growing number
of bilateral and multilateral accords with other
national space agencies, e.g., the International
Space Station, has also increased the influence
of the RKA. The official responsibilities of the
RKA were codified in August, 1993, in the
Russian Federation Law on Space
(Section 7.3). During 1993 RKA drafted the
long-range civilian space program objectives
through the year 2000 (Section 7.4 and
References 67-71).

The Russian Armed Forces were
established on 7 May 1992, enabling the
creation of VKS later that year on 10 August.
Commander-in-Chief of the VKS is Col. Gen.
Viladimir Ilvanov, who was also CINC of the
predecessor organization, Ministry of Defense
Space Units (1982-1991), since 1989. The VKS
is currently responsible for the operation of the
Baikonur and Plesetsk Cosmodromes, the
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construction of the Svobodnyy Cosmodrome,
the Mozhayskiy Military Space Engineering
Academy, the Central Scientific Research
Institute on Space Technology, and the Space
Command, Control, and Tracking System (KIK),
which includes the Main Center for Testing and
Controlling Space Devices at Golitysno-2 near
Moscow as well as other sites in the former
Soviet Union (Figure 1.15). Portions of the KIK
also support RKA's Flight Control Center (FCC
or TsUP) at Kaliningrad near Moscow in
conjunction with the Mir space station program.
The former fleet of Space Event Support Ships
operated by the former USSR Academy of
Sciences has essentially been disbanded,
although the Russian Ministry of Defense still
operates some specialized range instrumen-
tation ships capable of providing KIK services.
In 1994, the VKS began testing a new mobile
KIK unit and deploying new KIK sites to offset
the loss of facilities outside the Russian
Federation (References 70, 72-85).

A special network of large-diameter
antennas make up the Long-Range Space
Communications System (TsDKC) for control of

scientific spacecraft in high Earth orbits or on
interplanetary flights. The network consists of
10 primary antennas (22-70 m diameter) at
seven locations: Yevpatoriya, Simeiz,
Pushchino, Medvezhi Ozera, Ulan Ude,
Ussuriysk, and the Suffa Plateau (the last under
construction). For example, current plans call
for linking the RT-32 and RT-70 radiotelescopes
at Yevpatoriya and Ussuriysk and the RT-64
radiotelescope at Medvezhi Ozera to form the
primary tracking and telecommunications
system for the Mars-96 mission.

Equally important as the KIK is the Russian
network of large ground-based radars which
form the backbone of the Russian Space
Surveillance System (SSS), managed by the Air
Defense Forces. Space surveillance tasks are
primarily performed by Dnepr and Daryal-UM
radars developed in the 1960’s and 1980’s,
respectively. Eight facilities are intermittently
operational: in Russia at Irkutsk, Murmansk,
and Pechora; in Ukraine at Sevastopol and
Uzhgorod; in Kazakhstan at Balkhash; in
Azerbijan at Mingechaur; and in Latvia at Riga.
An unfinished Daryal-UM radar in Latvia was
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scheduled for demolition in 1995, while the
operational Dnepr radar nearby will remain
open until 1998 under a Russian-Lativan
agreement. A ninth sensor for the SSS is an
ABM radar near Moscow. To augment the radar
facilities which operate primarily at 150 MHz
and 200 MHz, the SSS receives information
from optical and electro-optical sites located in
Russia, Kazakhstan, Tadjikistan, Ukraine,
Georgia, Armenia, and Turkmenia. A unique
facility on Mt. Maidanak in Uzbekistan also has
space surveillance capabilities and is being
examined by US officials for possible
contributions to the tracking of very small
objects in space. During 1993-1994 several
S8S sensors were temporarily out of operation
due to funding difficulties, including the inability
to pay electrical bills to the now-commercial

power industry (References 86-90).

The Soviet aerospace industry was, by far,
the largest of its kind in all of Europe and Asia.
In the three years (1992-1994) following the
demise of the USSR, the size and production
capability of this enormous sector of the
economy suffered significant reductions as
government orders were sharply curtailed. From
the largest manufacturers of satellites and
launch vehicles to the smallest subsystem
component vendor, the continuing breakdown in
the entire military-industrial complex led to
disruptions and even cancellations of planned
activities. The severity of the situation caused
the Russian Supreme Soviet to issue a decree
on 27 April 1993 (Section 7.1) with the intent of
stabilizing the increasing economic anarchy and
the flight of professionals to other industries.

TABLE 1.3 MAJOR RUSSIAN INDUSTRIAL SPACE ORGANIZATIONS.

ORGANIZATION

LOCATION

SPECIALTIES

All-Russian Research Institute of Electromechanics
Applied Mechanics Scientific Production Association
Arsenal Enterprise

Automation and Instrument Engineering Scientific Production Association

Biofizpribor Specialized Design and Technological Bureau
Bioteknika Scientific Production Association

Central Aerohydrodynamics Institute

Central Scientific Research Institute of Machine Building
Central Specialized Design Bureau

Elas Scientific Production Joint-Stock Assocation
Elektronika Production Association

Energiya Rocket Space Corporation

Energomash Scientific Production Association

Fakel Experimental Design Bureau

General Machine Building Design Bureau

Gromov Flight Research Center

Institute of Biomedical Problems

Institute of Physics and Power Engineering

Institute of Space Research

Instrument Building for Space Research NPO

Isayev Chemical Engineering Design Bureau
Khimavtomatika Design Bureau

Khrunichev State Space Scientific Production Center
Kometa Central Scientific Production Association
Komplex Scientific and Technical Center

Kompozit Joint-Stock Association

" |Kurchatov Institute of Atomic Engergy

Kvant State Scientific Production Enterprise
Lavochkin Scientific Production Association

LOMO Joint-Stock Association

Machine Building Scientific Production Association
Makeyev Design Bureau and State Rocket Center
Molniya Scientific Production Association

Moscow Aviation Institute

Moscow Power Engineering Institute

Precision Instruments Scientific Production Association
Polet Aerospace Association

Russian Scientific Research Institute for Space Instrument Engineering
Scientific Center Scientific Production Association
Scientific Research Institute of Machine Building
Scientific Research Institute of Thermal Processes
Soyuz Scientific Production Association

Splav Technical Center

Stekloplastik Scientific Production Association
Tekhnologiya Scientific Production Association
Tekhnomash Scientific Production Association

Trud Sclentific Production Assaciation

Vavilov State Optical Institute

Vega Scientific Production Association

Vernadskiy Institute for Geochemistry and Analytical Chemistry
Vympe! Corporation

Zvezda Scientific Production Association

Moscow Reglon
Krasnoyarsk
St. Petersburg
Moscow Region
St. Petersburg
Moscow Region
Moscow Region
Moscow Region
Samara
Moscow Region
Voronezh
Moscow Region
Moscow Region
Moscow Region
Moscow Region
Moscow Region
Moscow Region
Obninsk
Moscow Region
Belgorod
Moscow Region
Voronezh
Moscow Region
Moscow Region
Moscow Region
Moscow Region
Moscow Region
Moscow Region
Moscow Region
St. Petersburg
Moscow Region

Chelyabinsk Region

Moscow Region
Moscow Region
Moscow Region
Moscow Region
Omsk

Moscow Region
Moscow Region
Nizhnyaya Salda
Moscow Region
Moscow Region
Moscow Region
Moscow Region
QObninsk
Moscow Region
Samara

St. Petersburg
Moscow Region
Moscow Region
Moscow Region
Moscow Region

Meteorological spacecraft, stabilization and solar array drive systems
Communications, navigation, geodesy satelites

Military space systems

Spacecraft guidance, navigation, control systems
Biological/physiological space flight equipment
Biological/botanical space flight equipment

Wind tunnels super/hypersonic modeling

Space program administration, engineering, ballistics

Manned and unmanned spacecraft, launch vehicles

Spacecraft electronics equipment

Electronic components

Manned/unmanned spacecraft and launch vehicles

Launch vehicle engines

Electric propulsion systems

Launch vehicle launch facilities

Experimental aerospace’ vehicle testing

Biological (including human) spaceflight experiments

Space power systems
Spacecraft scientific instruments
Spacecraft subsystems

S| ft propulsion sy
Launch vehicle engines
Launch vehicles, manned sp
Military space systems, large deployable antennas
Solid-propellant faunch vehicles

Space technology materials

Space nuclear power systems

Solar cells, storage batteries

Scientific instruments and spacecraft
Spacecraft optical, electro-optical equipment
Remote sensing spacecraft
Submarine-launch boosters and related payloads
Buran space shuttle, asrospace planes, aviation
General aerospace design

Ground control facilities

Spacecraft control systems

Small spacecraft and launch vehicles
Spacecraft equipment

Materials science, materials processing

Low thrust spacecraft engines

Space nuclear power systems

Spacecraft propulsion systems

Mater i materials p g

High technology materials

High technology materials

General aerospace technology

Aerospace engines

Spacecraft optical, electro-optical equipment
Radio and control systems

Sp ft scientific inst

Space surveillance

Life support systems
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Conversion from government to commercial
projects has been highly encouraged for almost
all the major Russian space industries
(Table 1.3). A 1993 goal was to consolidate and
streamline the Russian space industry, creating
four major space centers and 30-40 supporting
enterprises from the existing >150 industries. A
first step in this process came in June, 1993,
when the Salyut Design Bureau and the
Khrunichev Machine Building Plant were
merged into the Khrunichev State Space
Scientific Production Center. In February, 1994,
Presidential Decree 237 enabled the
government-owned Energiya NPO to begin
privatization, although 51% of the ordinary
shares were to be held by the government for at
least three years. Another government decree
two months later reinforced the Presidential
decree and changed the name of the
organization to the S.P. Korolev Energiya
Rocket Space Corporation or RKK Energiya, for
short. Also in 1994, several major space
industries agreed to establish the Russian
Aerospace Corporation and an Aerospace Bank
(References 91-99).

The new Russian space law of 1993
(Section 7.3) specifically addressed the
financing of space programs and foreign
investments (Article 12) as well as establishing
a space fund aimed primarily at supporting re-
search and development activities (Article 13).
However, both the 1993 and 1994 space bud-
gets were approved only after torturous and
protracted processes, during which sky-
rocketing inflation was diminishing the true

value. Figure 1.16 indicates the relative expen-
ditures of the 1993 and the proposed 1994
space budgets, while Figure 1.17 denotes the
programmatic breakdown for the 1993 budget.
Of the 1,550 billion Rubles (1994 level) finally
requested for the 1994 budget, 890 billion
Rubles were appropriated and only 450 billion
Rubles were actually funded. Scant information
is available on the annual VKS budget, but re-
quests for 1995 revealed planned expenditures
essentially equal to that of the RKA. Both the
RKA and the VKS provide funding for the
Baikonur Cosmodrome in Kazakhstan. In June,
1994, the CIS Interstate Space Council adopted
a program for 1994 calling for 1,200 billion
Rubles, of which Moscow was expected to pay
the lion's share (References 70, 100-105).

1.10 UKRAINE

During the years of the USSR, Ukraine was
the most important republic outside the Russian
Federation contributing to the vast Soviet space
program. The National Space Agency of
Ukraine (NKAU) was formed on 2 March 1992,
but, despite Ukraine's extensive space
infrastructure and continuing support to the
Russian Federation, the national space
program has been slow to develop. By the end
of 1994, Ukraine was anticipating the launch of
its first domestic satellite and was rapidly
forging bilateral and commercial agreements
which could lead to a much stronger space
program within the next few years.

The first Director General of NKAU,
Volodymir P. Gorbulin, was active in several top
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level government roles until his appointment as
Secretary of the National Security Council in
October, 1994, Consequently, the acting head
of NKAU for much of 1994 was his deputy
Andrei Zhalko-Tytarenko. Gorbulin, Zhalko-
Tytarenko, and newly elected Ukrainian
President Leonid Kuchma (July, 1994) all held
senior management positions at the Yuzhnoye
NPO in Dnepropetrovsk, the heart of Ukraine's
space industry. Although a specific military
space organization has not yet been created,
movement in that direction has begun
(References 106-111).

Ukraine's immediate plans are to launch an
Earth observation satellite (Section 4.3.13) in
1995 and at least two communications satellites
by the end of the decade. The Yuzhnoye NPO
has already produced more than 400 Earth
satellites dedicated to remote sensing,
scientific, and national (USSR/CIS) security
objectives. The firm is also the principal
manufacturer of the Tsyklon and Zenit launch
vehicles as well as the RS-20 ICBM which may
soon see service as a space launch vehicle
under the name SS-18K. Ukraine is also the
home to the Yevpatoriya Deep Space Control
Center, several TT&C facilities formerly
belonging to the Soviet Ministry of Defense, and
radar, optical, and electro-optical space
surveillance complexes. The major space

(4.4%)
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COMMUNICATIONS, TELEVISION,
AND NAVIGATION (3.4%)

ECOLOGICAL, ECONOMIC, AND EARTH
SCIENCE TASKS (5.4%)

OUTER SPACE RESEARCH
(23.0%)

MICRO-GRAVITATIONAL
TECHNOLOGY  (2.4%)

(25.1%)

infrastructure element missing is a space
launch facility. In the near-term, Ukrainian
boosters will be constrained to operations from
the Russian Plesetsk Cosmodrome and the
Kazakh-Russian Baikonur Cosmodrome, but
alternatives, such as sea-based or new fixed
foreign-based launches of Zenit are under
active consideration.

Ukraine has sought to expand cooperative
space programs not only with the Russian
Federation but also with the US, India,
Australia, and the International Space Station
program. An agreement signed in 1994 with the
US may lead to a Ukrainian cosmonaut on a
STS mission in 1997, while another pact with
India could result in the establishment of a
Ukrainian-run Zenit launch facility in India. Zenit
launchers have also been selected for support
of the ISS, and space welding techniques
developed by the Paton Institute of Electric
Welding in Kiev are being considered by NASA
for future construction projects in Earth orbit
(References 112-118).

The principal centers of Urkainian space
industry are located in Dnepropetrovsk, Kiev,
and Kharkov. Ukraine hopes to finance many of
its proposed space programs through
commercial ventures. The requested national
space budget for 1993 was 36 million Ukrainian
Rubles (Reference 119).




1.11  UNITED KINGDOM

During the 1960’s the UK was an early and
active participant in space activities, fielding its
first national satellite in 1962 and conducting its
first (and only) space launch in 1971. However,
for a variety of reasons, support for space
programs in the UK has waned steadily for the
past two decades, and current funding is
concentrated on Earth observation science and
data processing. Since 1986 the UK has ranked
fourth in its participation level within ESA and
was the only ESA member to withhold support
for both the Ariane 5 and the Hermes
spaceplane projects.

The British National Space Center (BNSC)
was established in 1985 as a coordinating
agency among government departments and

research councils to help formulate and
manage national space policy. The BNSC
works directly with the Cabinet Office, the
Ministry of Defense, the Meteorological Office,
the Department of Trade and Industry, the
Department of the Environment, the Foreign
and Commonwealth Office, and the Department
of Education and Science to this end
(Figure 1.18). The title UK Space Minister falls
within the portfolio of the Under-Secretary of
State for Trade and Technology, a post which
changed hands twice during 1993-1994 with lan
Taylor assuming the reigns in July, 1994. The
Engineering and Physical Sciences Research
Council and the Particle Physics and Astronomy
Research Council were formed in 1994 from the
former Science and Engineering Research
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Council. Likewise, the Defense Research
Agency's Space and Communications Depart-
ment recently assumed the responsibilities of
the Royal Aerospace Establishment and the
Royal Signals and Radar Establishment for both
civilian and military programs in the fields of
space technology, mission analysis, and remote
sensing.

With a staff of only approximately 250,
BNSC primarily concentrates on advising
government agencies and coordinating
approved programs, with emphasis in Earth
observation, satellite communications, tech-
nology and transportation, and space science.
BNSC specifically supports programs which will
“s help (Britain) understand our changing

Earth,

*+ open up commercial and operational
systems for the future,
* bring commercial returns, and
» support uniquely valuable space science”
(Reference 120).

The founding Director General of BNSC,
Arthur Pryor, was replaced in May, 1993, by
Derek Davis. A reorganization of BNSC was
completed the next year when the original four
directorates were expanded into six: Earth
Observations; Space Science; Technology;
Industry and Exports; Satellite Communica-
tions, Applications, and Launchers; Policy,
ESA, and European Union; and Finance. As
indicated in Figure 1.18, four technical centers

23

are aligned with BNSC, including the recently
created Daresbury and Rutherford Appleton
Laboratory, which is the principal UK organiza-
tion responsible for space science programs
with ESA and bilateral partners.

The most significant aerospace firms in the
UK have been British Aerospace and Matra
Marconi Space UK. British Aerospace Space
Systems Ltd. specialized in scientific space-
craft, communications, and satellite
subsystems, while Matra Marconi Space UK,
formed in 1990 along with Matra Marconi Space
France during the merger of Matra Espace and
Marconi Space Systems, is a complete space
system and ground station design and
manufacturing firm. In July, 1994, Matra
Marconi Space acquired British Aerospace
Space Systems Ltd. to create Europe's (then)
leading space company and largest satellite
manufacturer. A relative newcomer is Surrey
Satellite Technology Limited of the University of
Surrey which has already acquired an
international reputation for the manufacture of
miniature (<50 kg) satellites.

The annual (April through March) civilian
space budgets for the UK were 171.31 million
Pounds for 1993-1994 and 180.54 million
Pounds for 1994-1995. Approximately two-
thirds of this amount constitutes the UK
donation to ESA. Figure 1.19 indicates the
category breakdown for domestic and ESA
expenditures for these two fiscal years.
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2.0 SPACE TRANSPORTATION SYSTEMS AND LAUNCH FACILITIES

Of the 176 world-wide space launches
undertaken during the 1993-1994 period, 124
(70.5%) were conducted by the European and
Asian space powers from eight space centers
around the world (Figure 2.1). Each of the five
major space-faring organizations and nations
posted gains in 1994 over the previous year's
activities with the CIS accounting for 78% of all
launches (Figure 2.2). Moreover, the aggregate
reliability of these diverse space transportation
systems was greater than 95%, essentially the
same reliability demonstrated by 29 different
launch vehicle models flown during the first half
of the 1990’s (Table 2.1).

With payload capacities ranging from 150
kg to more than 21,000 kg, these expendable
launch vehicles serve national space support
needs as well as provide commercial launch
services to the entire world. To meet growing
space transportation requirements, five new
launch vehicles debuted during 1993-1994: two
from the Russian Federation and one each from
ESA, India and the PRC. By the end of the
decade, more than ten new launch vehicles

may be added to this arsenal with capabilities
for ground, sea, or air launches. Earlier pre-
dictions for a significant expansion in the club of
space launching nations have recently been
tempered with technical, economic, and market
realities.

For the remainder of this decade, the prin-
cipal Eurasian entries into the global commer-
cial space transportation competition will be the
Russian Proton, ESA’s Ariane, and the Chinese
Long March (CZ) family of launch vehicles.
Figure 2.3 indicates the levels of activity and
cumulative reliability for these systems during
the seven-year 1988-1994 period. A summary
of Eurasian liquid rocket engine technology,
some of which may find its way into the US
launch vehicle industry, is found in Table 2.2.
Additional details are provided in the following
subsections.

EUROPEAN SPACE AGENCY
ESA introduced the European-built Ariane
launch vehicle in 1979, and by the end of 1994
the organization had conducted 70 missions,
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TABLE 2.1 EUROPEAN AND ASIAN SPACE LAUNCH VEHICLES, 1990-1994.

COUNTRY / ORG. LAUNCH VEHICLE MISSIONS | FAILURES | RELIABILITY (%)
CIS/USSR KOSMOS-3M 40 1 97.5
MOLNIYA-M 36 1 97.2
PROTON-K (3) 2 0 100
PROTON-K (4) 45 2 95.6
ROKOT 1 0 100
SOYUZ-Uu2 112 3 97.3
START-1 1 0 100
TSYKLON-2 10 0 100
TSYKLON-3 32 1 96.9
VOSTOK* 1 0 100
ZENIT-2 12 3 75
TOTAL 292 11 96.2
ESA ARIANE-40 3 0 100
ARIANE-42P 7 1 85.7
ARIANE-42L 2 0 100
ARIANE-44P 2 0 100
ARIANE-44L 14 1 92.9
ARIANE-44LP 8 1 87.5
TOTAL 36 3 91.7
JAPAN H-1* 4 0 100
HHI 2 0 100
M-3SlI 3 0 100
TOTAL 9 0 100
INDIA ASLV 2 1 50
PLSV 2 1 50
TOTAL 4 2 50
ISRAEL SHAVIT 1 0 100
TOTAL 1 0 100
PRC cz-2C 3 0 100
Cz-2D 2 0 100
CZ-2E 4 1 75
CZ-3 4 1 75
CZ-3A 2 0 100
Cz-4 1 0 100
TOTAL 16 2 87.5

Failure: Launch vehicle did not deliver payload to the intended orbit and release properly

*: No longer in use
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FIGURE 2.2 EURASIAN SPACE LAUNCH HISTORY, 1993-1994.

almost all for purely commercial purposes, with
an overall success record of 90.0% (Figure 2.4).
The original Ariane 1 vehicle was joined in 1984
by Ariane 2/3 and in 1988 by Ariane 4. Since
1989 all ESA orbital flights have used a variant
of the Ariane 4 booster. In 42 launches Ariane
4 suffered three failures for a 92.9% reliability
mark, but two of these losses occurred in 1994.
The substantially larger Ariane 5 launch vehicle
is scheduled to debut in early 1996.

The basic Ariane 4, also known as the
Ariane 40 variant, is a three-stage, liquid pro-
pellant booster with a 1.9-metric-ton payload
capacity to a 7°-inclined GTO or 2.7 metric tons
to an 800-km, sun-synchronous orbit. The first
stage (L220) is powered by four Viking 5C
engines burning nitrogen tetroxide and a com-
bination of UDMH plus hydrazine hydrate called

UH25. The second stage (L33) employs the
same propellants with a single, higher thrust
Viking 4B engine. The third stage (H10 or H10
Plus) burns liquid oxygen and liquid hydrogen
through an HM-7B engine (References 1-4).

The Ariane 4 program is managed and
launch services are marketed by Arianespace,
while the French space agency CNES is
responsible for overall design and serves as
general contractor. The primary industrial agent
and integration contractor for stages one and
three is Aerospatiale. Germany’s DASA is the
prime contractor for stage 2. Main engines are
provided by SEP. In all, more than three dozen
European companies provide significant ser-
vices in the design, manufacture, and operation
of the Ariane 4.
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FIGURE 2.4 ARIANE LAUNCH VEHICLE FLIGHT RECORD.

The Ariane 40 variant has actually only
flown three times to place payloads into low
altitude, sun-synchronous orbits (1990, 1991
and 1993). Since the principal mission of Ariane
4 is to insert commercial satellites into GTO,
five other booster variants are available
depending upon the mass of the payload and
whether one or two main satellites are to be
carried. The five variants are distinguished by
the number and type (liquid propellant or solid
propellant) of the small boosters attached to the
first stage. The original GTO payload capacity
ranged from 2.6 metric tons for two solid
boosters (PAP, Propulseur d’Appoint Poudre) to
4.2 metric tons for four liquid boosters (PAL,
Propulseur d’Appoint Liquide) (Figure 2.5). The
most widely used variant is the most powerful
Ariane 44L, and by the end of 1993 all the
variants had flown at least once. During the
1990’s upgrades (lengthening of the third stage
and a new propellant management technique)
increased the lifting power of Ariane 4, bringing
the Ariane 44L capacity up to 4.7 metric tons
(References 5-7). The major contractor for the
PAL, which employs the same propellants as
the first two stages and a Viking 6 engine, is
DASA/ERNO, whereas SNIA/BPD is in charge
of the PAP.

To permit the launching of two large, inde-
pendent spacecraft on a single booster, one
satellite is encased in a special housing SYLDA
or SPELDA (Systeme de Lancement Double
Ariane or Structure Porteuse pour Lancements

36

Double Ariane), while the second satellite is
mounted on top of the housing. Both the hous-
ing and the upper satellite are then covered by
the payload shroud which is jettisoned at an
altitude of about 115 km. Once the Ariane third
stage reaches GTO, the upper satellite is
released, followed by separation of the top por-
tion of the SYLDA or SPELDA and release of
the second satellite. Injection into GEO is the
responsibility of the individual satellites. For the
infrequent LEO missions, a multiple payload
platform called ASAP (Ariane Structure for
Auxiliary Payloads) can carry up to six small
(less than 50 kg) piggyback satellites without
interfering with the primary payload.

A total of 15 Ariane launches were
conducted during 1993-1994 (the same as the
1991-1992 period) carrying 31 individual space-
craft, only one of which was sponsored by ESA
(Section 8). Unfortunately, the flights of
missions 63 and 70 (January and December
1994) both failed to reach Earth orbit due to
malfunctions in the cryogenic third stage. An
accident investigation for flight 63 found the
principal cause of failure to be overheating of
the LOX turbopump bearing, which had already
been identified as a deficiency and was
scheduled for correction by flight 70
(References 8-10). By April, 1994, a redesigned
third stage engine was delivered to Aero-
spatiale, and flight operations resumed in June.
However, after six successful Ariane flights in
as many months, flight 70 failed to reach Earth

I EEEEEEEEE—————.
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orbit when the flow of oxygen to the gas genera-
tor was restricted, leading to a significant loss of
thrust and eventual burn termination by an on-
board computer (References 11-14).

One of the side-effects of the two 1994
failures was a streamlining of launch pre-
paration tasks which reduced the launch cycle
time from four weeks to only three weeks. The
backlog of Ariane missions and high traffic
demand are likely to combine for a record
number of launches during the 1995-1997
period, barring further mishaps. Ariane 4 is
scheduled to be phased out by 1998-1999 after
more than 100 missions.

In early 1996 the long-awaited Ariane 5
launch vehicle will begin flight operations in an
effort to accommodate larger GEO spacecraft
as well as to permit the launch of large man-
related spacecraft into LEO. Ariane 5 will be
somewhat shorter but much broader than its
predecessor (Figure 2.6). The basic launch
vehicle consists of a large, liquid-propellant
central stage surrounded by two large, solid
propellant boosters. The central stage (H155)
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FIGURE 2.6 ARIANE 5 DESIGN.
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will be powered by a single Vulcain engine
developed by SEP and burning liquid oxygen/
liquid hydrogen. The booster stages (P230) are
analogous to the boosters used by the US STS
and are designed to be recovered from the
Atlantic Ocean and refurbished. This config-
uration was sized to place the now-cancelled
22-metric-ton Hermes spaceplane into a low
altitude transfer orbit: 100 km by 460 km, 28.5°
inclination (References 2, 15-22).

For GTO or other LEO missions, a small
upper stage (L9, formerly L7) burning nitrogen
tetroxide and monomethylhydrazine through a
single Aestus engine will be employed.
Payload capacity for this type of mission varies
from 5.1 to 6.8 metric tons depending upon the
number of payloads carried. Multiple payload
housing systems called SPELTRA (Structure
Porteuse Externe de Lancements Triples
Ariane) can accommodate two or three major
satellites (References 23-24). The L9 stage was
also designed to place the unmanned
Columbus module into LEO.

The principal contractors for Ariane 5 are
Aerospatiale (central stage), SEP (Vulcain
engine), Europropulsion and Aerospatiale
(booster stage and engine), and DASA/ERNO
(upper stage). The first hot test of a reinforced
P230 solid booster took place on 16 February
1993, followed by a flight-design booster test on
25 June 1993. Difficulties with the Vulcain
engine were resolved in 1993-1994, and the
first phase of the development program was
completed in late 1994 (References 25-27).
Under an ESA contract the Russian Scientific
Research Institute for Parachute Making is
designing an improved booster stage recovery
system which could replace the original ESA
system (References 28-30).

After years of testing the Vulcain engine
(since 1990), an Ariane 5 first stage non-flight
“battleship” (reinforced) configuration was fired
for the first time on a pad at the Kourou space
launch facility on 17 November 1994. Although
several months late, this program milestone
demonstrated many key features of the critical
Kourou infrastructure necessary for Ariane 5
missions. Meanwhile, the development phase of
the L9 upper stage was completed, and
Switzerland’s Oerlikon-Contraves Space tested
the large Ariane launch shroud, both in late
1994 (References 31-34).

Current estimates for Ariane 5 flight rates
range from 5-10 per year with some payloads




already tentatively manifested as late as 2007
(e.g., SPOT 5B). As many as 64 Ariane 5
vehicles will be built by the year 2010, and
French officials have informally offered to
license Ariane 5 technology to the US to meet
heavy-lift requirements. Several concepts for
improved and larger capacity Ariane 5 variants
could keep the basic space transportation
system operational for decades. However,
enthusiasm within ESA for a massive upgrade
program for Ariane, after an initial investment of
nearly $7 billion and concerns about launch
costs, is not high (References 35-41).

Specific Ariane 5 enhancements, including
an improved Vulcain main engine and a change
in the ratio and mass of the propellants,
represent a near-term improvement which could
increase the booster payload capacity to LEO
by two metric tons. By combining the new main
engine with two additional strap-on boosters,
the LEO capacity could be increased by more
than seven metric tons. This concept would
employ two P130 boosters which are shortened
versions of the standard P230 boosters and
which would be ignited at altitude to avoid costly
pad modifications. Another option includes re-
placing the small L9 upper stage with a more
capable unit, e.g., the L15. To effect a much
greater lift capability, preliminary designs
envision a significant increase in the size of the
central stage which would be equipped with five
improved Vulcain engines and would be
surrounded by four P230 boosters
(References 42-45).

At the other end of the spectrum, ESA is
evaluating the need for smaller launch vehicles
which would be derived from Ariane 5
components. ESA’s Future European Space
Transportation Investigations Program
(FESTIP) was approved in February 1994 for
the period 1994-1996 with eight ESA member
states participating. One concept envisions a
launch vehicle employing a P230 booster as the
main stage with a small solid-propellant second
stage to place 5-metric-ton payloads mto 'LEO.
Two other designs, ALD-P and ALD-S (Anane
Light Derivative - Polar and - Sunsynchronous),
would be capable of launching payloads of up to
1 or 4 metric tons, respectively (Figure 2.7). A
firm decision to develop a small launch vehicle
or not is expected by 1996 (References 46-49).

FESTIP is also continuing ESA’s Reusable
Rocket Launcher (RRL) studies aimed at
applying Ariane 5 technologies to partially or

39

completely reusable space transportation sys-
tems (References 50-51). Designs employing
Russian rocket engines (e.g., RD-170) or
airborne launch platforms (e.g., An-225}) are
under consideration as are new ramjet and
scramjet technologies (Figure 2.8).

ESA’s once high-priority Hermes
spaceplane program was officially canceled in
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FIGURE 2.8 ARIANE REUSABLE ROCKET
LAUNCHER CONCEPT.

1993 after it had been severely curtailed to an
ESA-Russian technology development
program the previous year (References 52-57).
Two other proposed man-related space
transportation programs, the Crew Transport
Vehicle and the Automated Transfer Vehicle,
are described in Section 3.1 of this report.

All Ariane launches are conducted at ESA
facilities located on the French Centre Spatial
Guyanais grounds in Kourou, French Guiana.
Kourou was the site of eight launches of the
French Diamant B/BP boosters during 1970-
1975 before the maiden flight of Ariane 1 in
1979. Currently, only one launch pad, ELA-2, is
operational for all Ariane 4 missions. Another
pad, ELA-3, is nearing completion for the larger
Ariane 5. Both pads are designed for rapid re-
furbishment in case of a major launch vehicle
accident. Launches are conducted essentially
eastward for GTO missions and to the northeast
or northwest for LEO posigrade and retrograde
orbits, respectively.

FIGURE 2.9 SANGER REUSABLE SPACE TRANSPORTATION SYSTEM.
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In 1993 a major multi-year renovation
project was undertaken in Kourou to support not
only the forthcoming Ariane 5 but also the con-
tinuing Ariane 4 missions. By the end of 1994
nearly all Ariane 5 support facilities were
finished or nearing completion, and the first on-
pad tests of the Ariane 5 main stage had been
achieved. In addition, improvements to radar,
telemetry, telecommunications, and opera-
tional facilities were underway. Also in 1994
Aerospatiale and Russia’s Khrunichev State
Space Research and Production Center
discussed the feasibility of building launch
facilities for the Proton-M at Kourou
(References 57-60).

GERMANY
Following the lead of France with its
Hermes spaceplace, Germany and the major
German aerospace industries are investing con-
siderable resources in the preliminary design
and technology development of an advanced
transportation system with hopes that ESA will
adopt the program for full-scale development
and operation. Named in honor of the German
engineer whose pioneering work in the first half
of the 20th century fostered the present-day
concept, DASA’s Sanger project is based on a
two-stage, fully reusable aerospace plane
which would take off and land horizontally like
conventional aircraft (Figure 2.9).

The first stage is a large (>80 m long, >40 m
wing-span), unmanned hypersonic aircraft
powered by hybrid, air-breathing turbo-ramjets
to carry a smaller Hypersonic Orbital Reusable
Upper Stage (HORUS) to an altitude of approx-
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imately 40 km. HORUS would then separate at
a speed of more than Mach 6 and ignite con-
ventional liquid oxygen/liquid hydrogen engines
to reach LEO. With a 4-man crew, HORUS
would be capable of delivering up to three me-
tric tons to a baseline 450-km, 28.5°-inclination
orbit. An unmanned version of HORUS,
HORUS-C, could deliver up to seven metric
tons of cargo and return a like amount to Earth.

Currently sponsored by the Federal Ministry
of Research and Technology under Phase 1 of
the German Hypersonics Technology Program
(HTP) begun in 1988 and extended to 1995,
Sanger requires international cooperation to
move into Phase 2 which would develop a
hypersonic flight demonstrator by about the
year 2000. However, in 1994 Germany joined
ESA’s FESTIP where it hopes to continue its
hypersonics technology research.

Meanwhile, Germany is continuing state-of-
the-art technology development of turbo-ramjet
engines and is designing semi-reusable, single-
stage-to-orbit (SSTO) space transportation sys-
tems. The latter is represented by the ADLER
concept with a 60 metric ton payload capacity to
a 450-km, low-inclination Earth orbit. ADLER's
Reusable Acceleration and Avionics Module
(RAAM) may be powered by either nine
Russian RD-0120 or nine US SSME cryogenic
engines (References 61-67).

In the near-term Germany is working with
the Russian Federation to develop two commer-
cial, low capacity launch vehicles. In 1994
DARA funded feasibility studies for the
proposed air-launched (from a Tu-160 aircraft)
Burlak booster with a maximum payload
capacity of 1,100 kg (Reference 68). Likewise,
DASA was evaluating the commercial potential
of the Russian Rokot launch vehicle (up to
2,000 kg capacity), which conducted its first
orbital mission in December 1994 (see
Section 2.9 for additional specifications of the
Burlak and Rokot launch vehicles).

23 INDIA

Following on the heels of the first
successful launch of its Augmented Satellite
Launch Vehicle (ASLV) in 1992, India tested the
more capable Polar Satellite Launch Vehicle
(PSLV) during 1993-1994, achieving success
on the second attempt. Coupled with another
ASLV mission in 1994, India’s three launch
attempts in the two-year period represented its
most active campaign since its indigenous
space program began in 1979 (Figure 2.10).
Meanwhile, the development of India’s
substantially larger Geosynchronous Satellite
Launch Vehicle (GSLV) continues toward a
projected maiden flight later in this decade.
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The original Indian SLV-3 launch vehicle
was a four-stage, solid-propellant booster with a
LEO payload capacity of less than 50 kg into an
orbit with a mean altitude of 600 km at an
inclination of 47°. Following an initial failure, the
SLV-3 successfully orbited three Rohini
Satellites in 1980, 1981, and 1983, respectively
(Reference 69). The ASLV was created by
adding two additional boosters modified from
the SLV-3’s first stage and by making other
general improvements to the basic SLV-3 4-
stage stack (Figure 2.11). The ASLV is actually
a five-stage vehicle since the core first stage
does not ignite until just before the booster
rockets burn out. The payload capacity of the
ASLYV is approximately 150 kg to an orbit of 400
km with a 47° inclination (Reference 70).

The first launch of the ASLV on 24 March
1987 failed when the bottom stage of the core
vehicle did not ignite after booster burn-out.
The second attempt ended with the Rohini
payload falling into the Bay of Bengal on 13 July
1988 when the vehicle became unstable and
broke up soon after release of the booster
rockets. Finally, on 20 May 1992 the SROSS 3
(Stretched Rohini Satellite Series) was inserted
into LEO by the third ASLV. However, instead
of obtaining a circular orbit near 400 km, the
ASLYV only achieved a short-lived orbit of 256
km by 435 km, not unlike the degraded
performance of the SLV-3 launch of 31 May
1981 (Reference 71).

The fourth ASLV mission in May, 1994
successfully reached its programmed orbit of
434 km by 921 km with the SROSS C2 payload.
The vehicle is likely to be phased out shortly in
favor of the PSLV and due to a desire to deploy
larger, more complex spacecraft than can be
lifted by the ASLV.

The PSLV was developed to permit India to
faunch its own IRS-class satellites into sun-
synchronous orbits, a service until recently pro-
cured commercially via the USSR/CIS. The
design orbital capacity for the PSLV is one
metric ton into a 900 km, 99° inclination orbit.
This significant increase in lift is achieved using
a 5-stage design similar to the ASLV: a 4-stage
core vehicle surrounded by six strap-on
boosters of the type developed for the ASLV. At
lift-off only two of the strap-ons and the bottom
stage of the core vehicle are ignited. The other
four boosters are fired at an altitude of 3 km.

The core vehicle possesses an unusual
design consisting of two solid-propellant stages
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(1 and 3) and two liquid, hypergolic stages
(2 and 4). The first stage also carries two cylin-
drical tanks which are part of the Secondary
Injection Thrust Vector Control System
(STIVC). The large liquid engine of the second
stage is designated Vikas and is essentially an
Indian-manufactured Viking engine used by
ESA’s Ariane. During 1992 all four stages were
certified for flight in 1993, and full vehicle inte-
gration tests were performed (References 70
and 72).

After some delays the maiden flight of the
PSLV with the IRS-1E Earth observation
spacecraft occurred on 20 September 1993.
Although all strap-ons and main engines
performed as expected, an attitude control
problem arose after separation of the second
and third stages. Consequently, the vehicle and
its payload failed to reach Earth orbit. A little
more than a year later, on 15 October 1994, the
IRS-P2 spacecraft was inserted into the
prescribed sun-synchronous orbit by PSLV
no. 2. Almost immediately afterwards, Indian
officials announced plans for the manufacture of
three additional PSLVs and initial construction
for three more. Commercial space transporta-
tion services could be available by 1996
(References 73-80).

In the 1980’s India began designing the
GSLV with an objective of placing 2.5 metric ton
payloads into GTO. Drawing heavily on the
PSLV, early concepts for the GSLV would
borrow the six strap-on boosters and first two
stages of the PSLV’s core vehicle. A later
design suggested replacing the solid strap-on
boosters with four liquid units similar to the
second stage of the core vehicle. The third
stage was to incorporate an indigenous liquid
oxygen/liquid hydrogen engine with a thrust of
approximately 12 metric tons. Component
development for this engine was already
underway in the late 1980’s, and subscale
development was still on-going in 1992
(References 70, 81, and 82).

However, in an attempt to maintain the
GSLV development schedule which now calls
for a first flight as early as 1997, India in 1992
contracted with Russia to buy a liquid oxygen/
liguid hydrogen engine (KVD-1/KVD-7.5)
developed in the 1970’s for the heavy-lift N-1
launch vehicle. The plan, which had been in
negotiations since 1988 came under fire from
the US which considered the transfer of such
technology a violation of the Missile Technology
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Control Regime. Eventually, a compromise was
reached which allowed the Russian Federation
to supply a limited number of engines to India
(seven) without the transfer of critical
technologies. The first engine is scheduled to
be delivered in 1996 for the inaugural GSLV
mission in late 1997 or early 1998. Test firings
of lower stage GSLV motors were underway in
1994 (References 83-96).

In October, 1992, India conducted sub-
orbital tests of model air-breathing rocket
engines mounted on small conventional launch
vehicles. The development program was
initiated in the late 1980’s and is said to be
applicable to the creation of future hypersonic
boosters. Although few details have been
released, both flights were described as
successful (References 97 and 98).
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All Indian space launches are conducted
from the Sriharikota High Altitude Range
(SHAR) on Sriharikota Island off the east coast
of India in the Bay of Bengal. The original SLV-3
launch complex was converted to support the
ASLV. Two new complexes with one pad each
to the south were selected to support the PSLV
and GSLV. The Vikran Sarabhai Space Center
at the southern tip of India is the site of most
launch vehicle stage development.

ISRAEL
Israel’'s Shavit (Comet) launch vehicle has
flown only twice - 19 September 1988 and 3
April 1990 - to place the Ofeq 1 and Ofeq 2
engineering technology satellites into LEO. The
third flight of Shavit was postponed in early
1994 until 1995, in part, due to budgetary con-
straints. Shavit is a small, 3-stage, solid-
propellant booster based on the 2-stage
Jericho 2 ballistic missile and developed under
the general management of Israeli Aircraft
Industries and in particular its MBT Systems
and Space Technology subsidiary. Israel
Military Industries produces the first and second
stage motors, while Rafael is responsible for the
third stage motor (Figure 2.13). The
demonstrated payload capacity is 160 kg into
an elliptical orbit of 207 km by 1,587 km with a
highly retrograde inclination of 143.2°. Shavit
was proposed to launch an American commer-
cial recoverable spacecraft (COMET) which
would have required a payload of 800 kg or
more inserted into a low altitude orbit
(References 99-101).

The upper stage of the Shavit is designated
AUS-51 (Advanced Upper Stage) and since
September, 1992, has been offered
commercially under a cooperative venture by
the Israeli firm Rafael, which developed and
manufactures the AUS-51, and the American
Atlantic Research Corporation. A much more
capable upper stage is under development by
Israeli Aircraft Industries for much larger launch
vehicles with a GEO objective. Called the
Cryogenic Transfer Module (CTM), the stage
burns liquid oxygen and liquid hydrogen to
produce a thrust of approximately one metric
ton. CTM is designed to lift a 2.1 metric ton
satellite from a 200 km, 28° parking orbit to
GEO and was scheduled to be ready for flight
by the end of 1992 but was still awaiting a
mission as 1994 came to a close (References
102 and 103).

2.4
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FIGURE 2.13 SHAVIT LAUNCH VEHICLE.

In 1993-1994 Israel proposed the
development of an improved Shavit launcher
called Next, which would be available to the
international commercial market. The standard
3-stage Next launch vehicle would differ little
from Shavit and could deliver up to 400 kg
payloads to polar orbits from launch sites
outside Israel. A 4-stage variant of Next is
envisioned with extended first and second
stages and a new liquid propellant fourth stage
equipped with a GPS receiver for greater orbital
insertion accuracy (References 104-106).

Shavit boosters are launched from an
undisclosed site near the Palmachim Air Force
Base on the coast of Israel south of Tel Aviv.
The facility is also sometimes referred to as
Yavne. To prevent overflight of foreign territory,
Shavits have been launched on a northwest
trajectory over the Mediterranean Sea, passing
over the Straits of Gibraltar at the west end of
the Mediterranean. This procedure significantly
reduces the payload capacity of the faunch
vehicle and severely limits potential operational
orbits.
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25 ITALY

Although nine space launches were
conducted by ltaly during 1967-1988, all
employed variants of the US-built Scout booster
to orbit small scientific satellites prepared by
Italy, the UK, or the US. The vehicles are
completed in the US prior to shipping to the
Italian launch facility for final testing and launch.
However, this arrangement has provided ltaly
with valuable launch operations experience.

The ltalian firm BPD Difesa E Spazio is the
prime contractor for the Ariane 4 solid-
propellant strap-on boosters and is a principal
developer of the larger Ariane 5 solid-propellant
booster. Meanwhile, Alenia Spazio in
cooperation with BPD has developed the solid-
propellant Italian Research Interim Stage (IRIS)
for use by a variety of international launch
vehicles. lis first mission was the successful
transfer of Italy’s LAGEOS 2 satellite from a US
Space Shuttle to a high altitude operational orbit
in October, 1992.

Italy’s desire to acquire a more capable and
more independent space launch capability ran
into trouble in 1992 when competing designs
from the Italian Space Agency and the
University of Rome became embroiled in a legal
dispute. Since 1988 the Italian Space Agency
has been examining the possibility of
developing a Scout 2 launch vehicle based on
the first three stages of the US Scout G-1. ltaly
would add two large, solid-propellant, strap-on
boosters and possibly a new fourth stage. The
strap-on boosters would be derived from BPD’s
Ariane 4 boosters. The University of Rome,
which operated the Italian Scout launch facility,
supported this program which would increase
ltaly’s LEO payload capacity to 500 kg.

However, in recent years the ltalian Space
Agency has preferred a more radical design
employing a greater degree of national space
technology and less dependence on the US. In
March, 1992, the experimental Zefiro rocket,
which would serve as the new launch vehicle's
first stage with two strap-on boosters was flown
for the first time - albeit with mixed success.
Unwilling to support two, essentially redundant
Scout upgrade programs, the ltalian Space
Agency began withholding development funds
from the University of Rome, prompting the
latter to file suit. By early 1993 funding for the
University of Rome’s Scout program had
resumed, but the dispute had not been
resolved.




Finally, in the second half of 1993, the
Scout 2 program was terminated after a de-
cision was made to concentrate on an ltalian
design. Leveraging off the Zefiro development
program, the new Vega launch vehicle will have
a 700-800 kg LEO capacity. The 3-stage, solid-
fuel booster will rely on Zefiro motors for the
first two stages with IRIS serving as a third
stage. However, a reduction in government
funding has forced BPD Difesa E Spazio to
underwrite the initial development work with an
uncertain maiden launch date (References 107-
115).

Although the 1992 test launch of the sub-
orbital Zefiro was conducted from the island of
Sardinia, all ltalian space launches to date have
originated from the San Marco launch platform
off the coast of Kenya in Formosa Bay. With a
latitude less than three degrees from the
equator, San Marco offers nearly optimum
payload capacity for satellite missions with low
inclination. However, much larger taunch
vehicles would be required to support the more
popular GTO/GEOQO missions. A second sea-
based platform near San Marco supports the
necessary launch control facilities.

2.6 JAPAN

Japan’s long-awaited H-1I launch vehicle
debuted during 1994 and achieved two
complete successes on its first two missions.

The National Space Development Agency of
Japan’s (NASDA) new medium-lift launch
vehicle will support a variety of major programs
during the next decade and may become
Japan’s first entry into the international
commercial launch services market. Meanwhile,
Japan’s Institute of Space and Astronautical
Science neared the end of its light-lift M-3SlI
program with yet another successful
commercial launch in 1993, Nearing completion
of development and maiden flights are two new
low-capacity boosters: the M-5 and the J-I.
Japan has not lost a spacecraft due to a
domestic launch vehicle or upper stage failure
since 1980 (Figure 2.14).

ISAS’s current M-38I1 launch vehicle has
been in operation since 1985 and had
performed flawlessly on all seven missions by
the end of 1994. The booster is a descendant of
the M-4S first flown in 1970. The only flight
during 1993-1994 occurred on 20 February
1993 when the 420-kg Astro-D (aka Asuka) X-
ray observatory was inserted into an orbit of 538
km by 647 km with an inclination of 31.1°. The
maximum lift capacity for the M-3Sll is
approximately 800 kg into a 250 km circular, 31°
orbit (References 116 and 117).

The M-38Sll is a 3-stage, all solid-propellant
launch vehicle with two strap-on boosters and a
family of optional fourth stages which are tailor-
made for specific mission profiles (Figure 2.15).
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All four stages as well as the strap-on boosters
are manufactured by the Nissan Motor
Company. In addition to LEO missions, the M-
3SlIlI has placed spacecraft on Earth escape
trajectories (Sakigake and Suisei in 1985) and
into extremely high altitude orbits with apogees
beyond lunar distances (Muses-A in 1990). The
final flight of the M-3SIl was scheduled to take
place in early 1995 in support of the German-
Japanese-Russian microgravity recoverable
satellite program, EXPRESS (Section 4.4.3).
The inaugural flight of the new M-5, a 3-
stage, solid-propellant system capable of lifting
1.8 metric tons into a LEO of 250 km
(Figure 2.15), has been delayed until 1997,
primarily due to technical difficulties. On 21
June 1994 the M-5 first stage motor was

VEHICLES.
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successfully tested at ISAS’ Noshiro rocket test
site, and another test with a flight-design model
was slated for 1995. Plans to employ ex-
tendable motor nozzles on both the second and
third stages were scaled back to only the third
stage. Produced jointly by Nissan (motors and
fairing) and Mitsubishi Heavy Industries, the M-
5 will permit ISAS to undertake more ambitious
scientific missions, particularly beyond Earth
orbit, e.g., a lunar mission in 1997 and a
mission to Mars in 1998 (References 118-124).

Since 1975 NASDA has been conducting a
parallel program of launching Japanese
satellites for space technology and applications
purposes using liquid-propellant vehicles. The
original N-series (N-l and N-Il) launch vehicles
were developed under license from the US and
were closely related to the Delta launchers.
Flown during 1975-1987, the N-series was
replaced by the H-I launch vehicle (first flight in
1986), a hybrid US-Japanese design. The first
stage of the H-I was essentially the same as
that of the N-II with a liquid oxygen/kerosene
main engine and 6-9 small solid-propellant
strap-on boosters. The second stage was of
Japanese origin, built by Mitsubishi Heavy
Industries, and burned liquid oxygen and liquid
hydrogen. A small solid-propellant third stage
designed by Nissan was employed on GEO
missions to place the payload (up to 1,100 kg)
into GTO (References 116 and 125). The H-I
program concluded in 1992 with nine successes
and no failures.

To provide greater payload capacity and to
permit unencumbered commercial space trans-
portation offerings (the Delta licensing agree-
ment restricted the use of the H-l for commer-
cial flights), Japan developed the H-Il launch
vehicle based on all-Japanese propulsion
systems. The H-Il can lift payloads four times
heavier than the H-I into LEO (up to 10 metric
tons) and GTO (up to 4 metric tons) and will
open the door to NASDA spacecraft designed to
explore the Moon and planets. The first mission
on 3 February 1994 deployed one payload into
LEO and then carried an experimental package
VEP (Vehicle Evaluation Payload) to GTO. The
next H-1l mission on 28 August deployed the 3.8
metric ton ETS-VI spacecraft.

Dwarfing its predecessor (Figure 2.16), the
H-II consists of a 2-stage core vehicle, burning
liquid oxygen and liquid hydrogen in both
stages, with two large solid-propellant strap-on
boosters. Nissan produces the 4-segmented




strap-on boosters which are considerably larger
than the main stages of ISAS’ M-3 and M-5
series vehicles. The LE-7 first-stage main
engine (Table 2.2) overcame numerous
developmental difficulties, while the LE-5A
engine used by the second stage merely
represents an upgraded version of the proven
LE-5 flown on the second stage of the H-I
(References 125-133).

im

FIGURE 2.16 H-1 AND H-Il LAUNCH
VEHICLES.
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A third new launch vehicle concept
emerged during 1991-1992. Called J-I, the new
booster would serve the small satellite
community with a one-metric-ton payload
capacity to LEO in its basic configuration. After
some evolution the J-I design solidified around
a 3-stage, solid-propellant vehicle using a
modified H-1l strap-on booster for the first stage
and the second and third stages of the current
M-3SlIl, with a LEO payload capacity of up to
900 kg. Growth options include adding two or
more small strap-on boosters or augmenting the
first stage with two additional H-ll class strap-
ons. The project, approved in 1993, is being
sponsored by NASDA with cooperation from
ISAS. The first orbital mission is scheduled for
1998, but a 2-stage sub-orbital mission,
HYFLEX (Hypersonics Flight Experiment) may
be conducted as early as 1996. HYFLEX will
test design and modeling principles critical to
the development of future spaceplanes
(References 124 and 135-139).

In addition to lofting larger GEO satellites,
the H-1l has been designed specifically to
accommodate the proposed HOPE (H-II
Orbiting Plane) spacecraft (see also
Section 3.4). In its current configuration HOPE
will have a launch mass of approximately 10
metric tons, a length of 11.5 m, and a wing-span
of 8.6 m (Figure 2.18). Originally viewed as a
major logistical vehicle for the Japanese
Experiment Module of the Freedom Space
Station, HOPE will initially be an unmanned
spacecraft with a one-metric-ton payload
capacity which could service the new
International Space Station after the turn of the
century. The maiden flight of a NASDA HOPE
demonstration vehicle (HOPE-X) is tentatively
scheduled for 1999.

A number of major technology experiments
are already underway. The Orbiting Re-entry
Experiment (OREX) was carried on the first H-I|
mission in 1994 to test navigational and thermal
control systems for HOPE. In 1996 the J-I
HYFLEX mission will further examine
aerodynamic characteristics of hypersonic
vehicles while the ALFLEX (Automatic Landing
Flight Experiment) will test unmanned landing
systems. Russian aerospace specialists will
also assist Japan in conducting high-speed
aerodynamic experiments on HOPE models at
the Zhukovskiy Central Aerchydrodynamics
Research Institute in the Moscow region
(References 125 and 140-148).
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A 20-metric-ton version of HOPE, possibly
manned with a 3-3.5 metric ton payload
capacity, has also been considered. Such a
vehicle would be 16 m long with a wing-span of
12.3 m. To support the larger HOPE, the H-I
launch vehicle would require additional strap-on
boosters (up to six solid boosters or a
combination of solids and liquids). However,
preliminary engineering analyses suggest that
the new H-2D would still not be able to insert
the larger HOPE directly into orbit, requiring
HOPE to burn up to four metric tons of
propellants to enter LEO. Meanwhile, studies of
other reusable spacecraft, including single-
stage-to-orbit concepts, are underway
(References 149-152),

ISAS and NASDA conduct their space
launch activities at two separate sites. The old-
est facility is known as the Kagoshima Space
Center and is maintained by ISAS on Kyushu
Island. All M-3SIl missions are launched from
Kagoshima which will also support future M-5
flights. NASDA operates the Tanegashima
Space Center on the island of Tanegashima
south of Kagoshima for all H-class vehicle
launches. The H-I launch pad is currently being
modified to support the new J-1 vehicle. A new

facility about 1 km away was constructed for H-
Il operations. Due to strict fishing industry
requirements, all Japanese launches from both
Kagoshima and Tanegashima are limited to two
2-month periods each year: January-February
and August-September. Consequently, the
current maximum flight rate each year is two M-
class, two J-class, and two H-class launch
vehicles.

2.7 NORWAY

Norway’s Andoya Rocket Range has
conducted approximately 600 sounding rocket
launches since 1962 and since 1972 has
directly supported numerous ESA scientific
experiments. Andoya’s high latitude location
(~69° N) is ideal for Arctic upper atmospheric
research as well as microgravity experiments.
In 1993 the Norwegian Space Center in
cooperation with the Swedish Space
Corporation proposed the establishment of a
Polar Satellite Service to launch small (up to
250 kg) spacecraft into LEO inclinations of 70°
to 110°. An early survey of potential launch
vehicles identified the American-led Pacastro
launch vehicle development program as highly
suitable for Andoya with launches beginning as
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early as 1996. Subsequent decisions by
Sweden to cooperate more closely with the
Russian Federation have undercut the
likelihood that the Polar Satellite Service will
commence operations in the near term
(References 153-157).

2.8 PEOPLE’S REPUBLIC OF CHINA

Since 1970 the PRC has conducted more
than 40 space launches, although its failure rate
of more than 20% is substantially higher than its
primary Eurasian competitors: CIS, ESA, and
Japan (Figure 2.19). Despite a relatively low
domestic launch demand - typically 2-3
satellites annually - the PRC has developed and
is expanding, in part for commercial reasons, a
diverse arsenal of launch vehicles to support
both LEO and GEO missions. Since 1988, the
PRC has introduced a new launch vehicle every
two years.

The newest addition to the Chang Zheng
(Long March) or CZ family appeared in 1994
when the CZ-3A was tested twice successfully.
Thus, by the end of 1994, the PRC possessed
six operational launch vehicles (Figure 2.20)
with three more under development. Principal
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of Launch Vehicle Technology and the
Shanghai Academy of Spaceflight Technology,
both of which belong to the newly organized
China Aerospace Corporation.

The oldest operational Chinese launch
vehicle is the CZ-2C which debuted in 1975 as
the carrier of the FSW-class of recoverable low
altitude satellites. Averaging one mission per
year for the past decade, the CZ-2C has a high
reported reliability and a payload capacity of 2.8
metric tons to LEO. The CZ-2C is derived from
the CSS-4 ballistic missile and consists of two
stages burning UDMH and nitrogen tetroxide.
The single CZ-2C mission during 1993-1994
was launched on 8 October 1993 with a FSW-1
Earth observation spacecraft. Later in the
decade, the CZ-2C may be mated with a small,
solid-propellant perigee kick-stage to provide
the vehicle with a modest GTO capability
(References 158-166).

In 1990 the CZ-2E variant was introduced to
give the CZ-2 series of launch vehicles a GTO
capability which was specially designed to
accommodate Western GEO satellites. The
booster consists of a 2-stage core vehicle with
four strap-on stages, all employing UDMH and
nitrogen tetroxide. The strap-on stages each
use a single YF-20B engine which is an
improved version of the main engine design
used on the first stage of the CZ-2C. Four YF-
20B engines are combined to make the YF-21B
which powers the first stage of the core vehicle,
which is more than three meters longer than the
CZ-2C first stage. The CZ-2E second stage is
also based on its CZ-2C counterpart with an up-
rated main engine (YF-22B) and larger
propellant tanks carrying more than twice the
load of the CZ-2C second stages. Finally, a
small perigee kick stage is available for payload
transfer from a LEO parking orbit to GTO
(References 159, 162, 163, 166-169). The CZ-
2E has a 9.2 metric ton LEO capacity and a
3.1-3.4 metric ton capacity to GTO depending
upon the perigee kick stage selected.

The first test of the CZ-2E on 16 July 1990
successfully reached the desired LEO parking
orbit with the small (50 kg) Pakistani Badr
piggy-back satellite, but an attempt to test the
new Chinese perigee kick stage attached to a
dummy payload failed. The next mission carried
the Australian Optus B1 satellite into orbit on 13
August 1992 after an initial pad launch abort on
22 March of that year. The next flight on
21 December 1992 failed when a malfunction of
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the payload or shroud occurred less than one
minute into the ascent. Despite the violent
nature of the failure, which left a large portion of
the payload scattered down range, the CZ-2E
second stage continued to function and reached
a nominal LEO parking orbit. The vehicle flew
again successfully on 27 August 1994 with
Optus B3 (References 170-179).

A third CZ-2 variant, the CZ-2D, appeared
with little forewarning on 9 August 1992 in con-
junction with the maiden flight of the FSW-2
spacecraft. The CZ-2D is essentially a two-
stage version of the CZ-4 (below) with a LEO
payload capacity in excess of three metric tons.
The CZ-2D flew a second FSW-2 mission on 3
July 1994.

The CZ-3 launch vehicle was introduced in
1984 to provide the PRC with its initial GEO
mission capability. The vehicle also marked the
first use of a high technology upper stage and
led to China’s entry into the commercial space
launch services market. The CZ-3 is a 3-stage
launch vehicle with the first two stages
essentially identical to the CZ-2C. The third
stage utilizes a restartable, liquid oxygen/liquid
hydrogen engine designated YF-73. The GTO
capacity of the CZ-3 is 1.5 metric tons
(References 159, 164, 180-184).

Although the inaugural flight of the CZ-3 on
29 January 1984 failed when the third stage did
not restart to maneuver from a LEO parking
orbit to GTO, the next six missions (April, 1984-
April, 1990) were successful. Only one CZ-3
mission was attempted during 1991-1993, and
this flight resulted in the stranding of a domestic
PRC communications satellite in the wrong
orbit. Lift-off occurred on 28 December 1991,
and orbital insertion into the planned LEO was
accomplished. However, when the third stage
was reignited, a propellant pressurization ma-
lfunction caused a premature shut-down, leav-
ing the payload with an apogee of only 2,450
km instead of nearly 36,000 km as required.
The CZ-3 returned to flight on 21 July 1994,
successfully inserting the APstar 1 spacecraft in
GTO on a commercial mission (References
185 and 186).

With its limited payload capacity and the
continued growth of GEO spacecraft, the CZ-3
was joined in 1994 by the CZ-3A. The new
launch vehicle incorporates a lengthened first
stage, a pair of more powerful YF-75 engines in
the third stage, and an improved, light-weight
flight control system. The LEO payload capacity
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of the CZ-3A is 6.5 metric tons (compared to
5.5 metric tons for the CZ-3) and the GTO
payload capacity is 2.3 metric tons. Both 1994
flights of the CZ-3A were successful, although
the payload of the second mission malfunc-
tioned and could not reach its intended orbit.

Two more variants of the CZ-3 are
scheduled to appear in the next few years. The
CZ-3B is very similar to the CZ-3A but with four
liquid-fuel strap-on boosters of the type used by
the CZ-2E. This addition will nearly double the
GTO payload capacity to 4.8 metric tons and
provide a 12 metric ton capacity to LEO. The
first flight of the CZ-3B will carry an INTELSAT
spacecraft in late 1995 or early 1996. The CZ-
3C will fill the gap between the CZ-3A and CZ-
3B by using only two strap-on boosters, giving it
a GTO payload capacity of 3.7 metric tons
(References 159, 187-188).

The third currently operational series in the
CZ family is the CZ-4 (also referred to as the
CZ-4A) which to date has been employed only
twice for inserting payloads into sun-
synchronous orbits. Both flights in September of
1988 and 1990, respectively, lofted the PRC’s
first domestic meteorological satellite Feng
Yun-1. The CZ-4 is a 3-stage launch vehicle
carrying UDMH and nitrogen tetroxide for all
stages. The CZ-4 first stage uses the same
power plant as the CZ-3A but is nearly two
meters taller. Likewise, the CZ-4 second stage
is similar to that of the CZ-3A. The CZ-4 third
stage is a specially designed unit powered by
the YF-40 main engine. The payload capacity of
the CZ-4 into a sun-synchronous orbit is cited
as 2.5 metric tons (References 159, 189-190).

To satisfy the need for launching small
satellites into LEO, the PRC is offering to make
available the CZ-1D launch vehicle about 1995.
The CZ-1 was the PRC’s first space launch
vehicle with missions in 1970 and 1971.
Derived from the CSS-3 ballistic missile, the
CZ-1 was quickly replaced by the more capable
CZ-2 and its cousin the FB-1. The CZ-1D
design consists of a 2-stage vehicle with the
first stage burning UDMH and nitric acid
whereas the second stage utilizes UDMH and
nitrogen tetroxide. The payload capacity of the
CZ-1D will be 900 kg to LEO and 300 kg to a
sun-synchronous orbit (References 159-161,
191-192).

In the long-term the PRC has expressed the
need to develop a much larger LEO payload
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capacity: on the order of 25 metric tons. Such a
capability is consistent with future plans for
manned space systems, including a potential
space station (Section 3.6). Even further into
the future is the development of a fully reusable,
two-stage-to-orbit space transportation system
similar to the German Sanger concept. The
PRC has been conducting detailed engineering
studies in this area for more than a decade, but
available resources have not permitted a
commitment to begin development (References
159, 193-194).

Presently, the PRC operates three widely
separated space launch centers to meet the
needs of the entire CZ family of vehicles. Since
these facilities are not located on the coast of

‘China, each site is limited in the launch

azimuths permitted which has led to separate
centers for typical LEO, sun-synchronous, and
GEO missions.

The oldest site which is used for low altitude
posigrade missions with inclinations of 40° or
more is called the Jiuquan Satellite Launch
Center (sometimes referred to in the West as
Shuang Cheng-Tzu) and is situated in the Gobi
Desert in north central China. All CZ-2C and
CZ-2D launches originate at Jiuquan. The
second PRC space facility is the Xichang
Satellite Launch Center which supports all GEO
missions from its location in southern China.
Separate launch pads support CZ-3 and CZ-2E
operations. During 1993-1994 Xichange under-
went extensive modernization and expansion, in
part due to the requirements of the CZ-3A/B/C
family and in part to meet commercial customer
needs (References 195-197).

The Taiyuan Satellite Launch Center was
commissioned for sun-synchronous missions
and thus supports all CZ-4 launches. Taiyuan is
located southwest of Beijing, and will support
the Chinese-Brazilian Earth observation
satellite program in 1996.

2.9 RUSSIAN FEDERATION

During 1993-1994 the Russian Federation,
the principal heir to the vast Soviet space
program, conducted 97 space launches (down
from 116 space launches during 1991-1992)
with only three failures (Figure 2.21). By con-
trast, the rest of Eurasia undertook only 27
missions during this 2-year period and suffered
three launch failures. Although one of the two
operational CIS cosmodromes is in Kazakhstan,
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the Russian Federation was responsible not
only for launching all 1993-1994 |launch vehicles
but also for their payloads.

Two new launch vehicle types were added
to the Russian arsenal in 1993-1994, which now
consists of five basic families with seven major
variants. By the end of the decade, the number
of launch vehicle variants may double, and the
new Svobodnyy Cosmodrome in the Russian
Far East may be commissioned. A summary of
Russian liquid-fuel main rocket engines is found
in Table 2.2 (References 198-201).

2.9.1 Small Expendable Launch Vehicles

Until 1993 the smaliest Russian launch
vehicle in use was the Kosmos-3M booster,
derived from the R-14 (NATO designator SS-5)
medium range ballistic missile. Originally de-
signed by the Yangel Design Bureau in Ukraine
(now the Yuzhnoye [Southern] Design Bureau)
and the Prikladnoi Mekhaniki (Applied
Mechanics) Scientific Production Association in
Russia, the Kosmos-3M has been manu-
factured by the Polet (Flight) Design Bureau for
nearly 30 years. Eleven Kosmos-3M launches
were conducted during 1993-1994, and all were
successful.

The two-stage booster burns UDMH as a
fuel and either nitric acid or N204 as the oxid-
izer. The first stage employs two 11D614 (RD-
216) main engines, while the second stage
relies on a single, restartable 11D49 main en-
gine. The second stage also carries an inde-
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pendent propulsion system for coast and space-
craft deployment operations. Used only for LEO
missions, the Kosmos-3M has a demonstrated
payload capacity of 1,500 kg to a low altitude,
51°-inclination parking orbit. However, since
1988 all Kosmos-3M missions have originated
from the Plesetsk Cosmodrome (Complexes
132 left and right and 133) with inclinations of
66° or more. The first commercial use of
Kosmos-3M was scheduled for early 1995 when
small American and Swedish spacecraft were to
accompany a Russian navigation satellite into
orbit. An improved model of the launch vehicle,
the Kosmos-3MU (aka Vzlet), may begin opera-
tions by 1998 with a LEO payload capacity of
1.8 metric tons (References 202-205).

The two newest additions to the Russian
launch vehicle stable come from the conversion
of ballistic missiles declared excess following
the START arms control agreements. The Start
and Rokot launch vehicles are derived from the
RS-12M (NATO designator $S-25) and RS-18
(NATO designator §8-19), respectively, and
both flew maiden orbital missions during 1993-
1994.

A consortium headed by the Kompleks
Scientific and Technical Center has converted
the RS-12M into a potentially mobile, 4- or 5-
stage, low-capacity satellite launcher
(Figure 2.24). The Start-1 variant, consisting of
four solid-propellant stages (RS-12M plus a
new fourth stage) with a maximum diameter of
1.8 m and a height of 22.7 m, was launched
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from the Plesetsk Cosmodrome on 25 March
1993 with a 225 kg payload. Start-1 has a LEO
payload capacity of up to 550 kg. A 5-stage
model, simply called Start, will employ two RS-
12M second stages to increase the payload
capacity to 850 kg and will be available by
1995. Both vehicles also carry a small liquid-
propellant propulsion system to refine the final
orbit. Although initial Start and Start-1 missions
will be conducted from fixed Plesetsk facilities,
future launchings from RS-12M road-mobile
platforms are possible (Figure 2.25). Launch
sites in Alaska and Australia have been
considered (References 206-216).

Debuting in late 1994 was the Rokot launch
vehicle developed by the Salyut Design Bureau
of the Khrunichev State Space Research and
Production Center. By adding a new liquid-
propellant third stage Briz (Breeze) to the two-
stage RS-18 ICBM, Russian aerospace
engineers created a 2.5 m diameter, 24.6 m tall
space launch vehicle with a LEO payload
capacity of nearly 1.9 metric tons. All three
stages burn UDMH and N204. Following two
sub-orbital missions (20 November 1990 and 20
December 1991), Rokot finally launched an
amateur radio satellite, Radio-ROSTO, into an
orbit of 1,884 km by 2,161 km with an inclination
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of 64.8° on 26 December 1994. Although the
satellite deployment portion of the mission was
successful, the Rokot third stage exploded a
few hours after launch. This initial Rokot space
mission originated from a silo at the Baikonur
Cosmodrome (Site 175), but regular flights are
envisioned from the Kosmos-3M facilities at the
Plesetsk Cosmodrome starting in 1997 or from
silos at the proposed Svobodnyy Cosmodrome
as early as 1996. The German company
Daimler-Benz Aerospace is teaming with
Khrunichev to market Rokot commercially under
the Eurockot Launch Services GmbH of Bremen
(References 217-228).

Several other excess Russian ballistic
missile types are being evaluated for launching
small spacecraft into low altitude orbits. The
Makeyev Design Bureau and State Rocket
Center, located in the Chelyabinsk region of the
Russian Federation, is trying to market space
launch versions of its former submarine-
launched ballistic missiles. Beginning in 1991
Makeyev began launching RSM-50 (NATO
designator SS-N-18) missiles from Delta-1V
submarines on short ballistic flights for
commercial customers. Launches take place
near Murmansk and are recovered near the
Kamchatka peninsula.
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Eventually, Makeyev hopes to introduce the
liquid-propellant RSM-50 Volna and RSM-40
(NATO designator SS-N-8) Vysota space
launch vehicles (Figure 2.26). The former,
launched from either a Delta-IIl or Delta-1V sub-
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marine, could carry payloads into LEO of up to
115 kg from equatorial sites. The Delta-I
launched Vysota has about the same payload
capacity but offers a smaller payload volume:
0.7 m3 compared to 1.3 m3 for Volna. The Shtil-
1N, based on the liquid-fuel RSM-54 (NATO
designator SS-N-23), could begin orbital flights
with payloads of up to 510 kg in 1995 from the
Severkosmos ground facilities at the Plesetsk
Cosmodrome. The larger Shtil-3N would have
an increased payload of 950 kg (References
229-233).

During 1993 the Makeyev Design Bureau
and American investors examined the
possibility to creating a new launch vehicle
based on the RSM-54 and the RSM-52 (NATO
designator SS-N-20). Called Surf, the launch
vehicle would use the first stage of the RSM-52
solid-propellant booster topped with the four
stages of the RSM-54. Rather than employing
submarine or ground-level launch platforms,

st

FIGURE 2.25 POTENTIAL START-‘1 LAUNCH
PLATFORM.
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Surf would be launched in a floating condition
on the surface of the sea and would provide a
LEO payload capacity of 2.4 metric tons
(References 234-240).

Finally, the Makeyev Design Bureau has
also proposed developing the Aerokosmos air-
launched space transportation system based on
the Shtil-3A or RIF-MA launch vehicles. Using
11-76 MD, An-124, or An-225 cargo aircraft as
launch platforms, the boosters would be carried
internally, air-dropped, retarded by parachutes
and then ignited. The Shtil-3A would have a
LEO payload capacity of more than 600 kg,
while the RIF-MA could carry nearly one metric
ton (References 229, 232, 241).

A different air-launch concept was proposed
by the Raduga Machine Building Design Bureau
of Moscow in 1991. A Tu-160 strategic bomber
would carry the Burlak missile under its fuse-
lage for release at a high altitude and speed.
The original Burlak design envisioned a payload
capacity of 700 kg into equatorial orbits, but im-
provements were made by 1992 increasing the
payload capacity to 1,100 kg. Later, the Ger-
man space agency DARA joined the conceptual
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studies, and the launcher name was changed to
Diana-Burlak (References 242-244).

292 Medium
Vehicles

The most active Russian launch vehicle
during 1993-1994 was the Soyuz-U (including
the Soyuz-U2 variant). Derived from Sergei
Korolev’s original R-7 ICBM (NATO designator
§8-6) and the subsequent Sputnik, Luna,
Vostok, and Voskhod launch vehicles, the first
Soyuz model was introduced in 1966 and has
since been flown approximately 750 times in
various configurations with a reliability of more
than 97%. The two-and-one-half-stage launch
vehicle burns simple liquid oxygen and a form of
kerosene. The first stage consists of a core
vehicle powered by a 11D512 (RD-108) main
engine and four strap-on boosters with 11D511
(RD-107) main engines. The second stage
carries a single, 4-nozzle 11D55 (RD-0110)
main engine. The Soyuz-U/U2 launcher
currently has a LEO payload capacity of
approximately 7,300 kg for 52° inclination
orbits. The Soyuz-U2 upgrade was introduced

Expendable Launch




in 1986 to support the Soyuz-TM spacecraft and
has also been used for Progress-M spacecraft
and the sixth generation photographic
reconnaissance satellites.

Two Soyuz-U launch pads are operational
at the Baikonur Cosmodrome (Complexes 1
and 31) and three are available at the Plesetsk
Cosmodrome (Complexes 16 and 43 left and
right). All Soyuz-U/U2 launch vehicles are
produced by the Samara Central Specialized
Design Bureau and Progress Plant with engines
designed by the Energomash Scientific
Production Association. Of the 32 missions
flown during 1993-1994 only one failed. A
malfunction in the second stage of the 27 April
1993 flight led to the loss of its photographic
reconnaissance payload (References 245-246).

In 1991 work began on a major Soyuz
improvement program. Now known as Rus, the
modernized launch vehicle will have an
-increased payload capacity (up to 8,000 kg for a
52° orbit) with a new flight control system,
enlarged payload fairings, and modified main
engines. Operations are expected to begin at
the Plesetsk Cosmodrome in 1997. Test firings
of a new Rus main engine were already
underway in 1994 (References 247-253).

The Molniya-M launch vehicle essentially
consists of a basic Soyuz launch vehicle with an
additional third stage. Like the lower stages, this
third stage is powered by liquid oxygen and
kerosene via a 11D33 main engine. Originally
developed for lunar and planetary missions
beginning in 1960, the Molniya-M is now used
to place payloads of 1.6-1.8 metric tons into
highly elliptical (~400 km by 40,000 km) Earth
orbits inclined 63° to the equator. The upper
stage and the payloads (normally a Molniya
communications or Kosmos early warning
satellite) are encased within the launch shroud
and subsequently placed into a low altitude
parking orbit by the lower stages. About half a
revolution of the Earth later, the third stage is
ignited for transfer into the elliptical orbit. During
1993-1994 eleven Molniya-M launch vehicles
performed flawlessly, bringing the overall relia-
bility to about 89% after nearly 300 missions.
Molniya-M vehicles can be launched from either
Baikonur or Plesetsk, but since 1990 the
boosters have only operated from Plesetsk
(Reference 254).

For several years, a modification of the
Molniya-M launch vehicle has been under con-
sideration. The third stage would be replaced by
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a new Fregat stage which is derived from the
main propulsion unit of the Phobos inter-
planetary spacecraft developed by the
Lavochkin Scientific Production Association and
launched in 1988. Tentatively designated
Molniya-A, this launch vehicle would be capable
of placing 5.4 metric tons into a sun-synch-

~ ronous orbit. Introduction of the Molniya-A could

come as early as 1996 (References 255-258).

2.9.3 Large Expendable Launch Vehicles

The largest Russian launch vehicle in
regular use is the Proton-K, used in a 3-stage
configuration for heavy, LEO missions and in a
4-stage configuration for high altitude
deployments. The former variant is capable of
lifting 20-metric-ton-class spacecraft into very
low altitude orbits of about 200 km, while the
latter supports semi-synchronous (GLONASS),
geosynchronous, and deep-space missions,
such as lunar and planetary probes. Less than
30 3-stage models of the Proton-K have been
launched since 1968 with an overall reliability of
approximately 85%. On the other hand, the 4-
stage model has flown nearly 200 times since
1967 with a reliability of nearly 87%. During the
past 10 years (1985-1994) the combined relia-
bilities of all Proton-K launches has reached
93.2% (References 259-271).

The first three stages of the Proton-K were

originally developed by the Chelomei Design

Bureau in the early and mid-1960’s. Today,
design and production responsibilities lie with
the Khrunichev State Space Research and
Production Center in the Moscow region. All
three stages burn UDMH and N204 hypergolic
propellants. The first stage is powered by six
11D48 (RD-253) engines, the second stage by
three 8D411K (RD-0210) engines and by one
8D412K (RD-0211) engine, and the third stage
by a single 8D48 (RD-0212) engine. The first
stage engines were developed by the Glushko
Design Bureau (now the Energomash Scientific
Production Association), whereas the Kosberg
Design Bureau (now the Khimavtomatiki Design
Bureau) created the second and third stage
engines.

The fourth stage of the Proton-K is pro-
duced by the Energiya Rocket and Space
Corporation (formerly the Korolev Design
Bureau) and utilizes liquid oxygen and kerosene
derivatives as propellants, much like the original
Sputnik launch vehicle. The main engine is
restartable and is known as the 11D58M (RD-




FIGURE 2.27 PROTON LAUNCH VEHICLE
WITH MIR KRISTALL MODULE.

58M). The fourth stage comes in two major
variants: the Block D without an independent
navigation and guidance unit for deep-space
missions and the Block DM with such a unit for
most Earth orbital missions. Three models of
the Block DM are now in use for semi-
synchronous missions (118861), for normal
geosynchronous missions (11S86), and for
heavy geosynchronous spacecraft (115861-1).
The last was first used in 1994 for the maiden
flight of the Gals spacecraft.

During the 1993-1994 period no 3-stage
versions of Proton-K were flown, but 19 flights
of the 4-stage model were conducted. All were
successful except the mission of 27 May 1993
which failed to achieve orbit due to propellant
contamination in the second and third stages.
The vehicle returned to flight the following
September (References 259-276). Four launch
pads for the Proton-K were built at Baikonur
(Complexes 81 left and right and 200 left and
right), but only two were operational at the end
of 1994. The other two were undergoing major
overhauls.

One of the principal topics concerning the
Proton-K launch vehicle in recent years has
been its entry into the international commercial
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launch services market. An agreement between
the US and the Russian Federation was finally
reached in 1993 to allow limited use of Proton
launch vehicles for commercial geosynch-
ronous flights through the year 2000. In all,
nine Proton missions to GEO (inciuding the
previously approved INMARSAT 3 contract)
were allowed if the cost was not less than 7.5%
below the international market value and no
more than two missions were conducted in a
12-month period. Three LEQO missions of US
Iridium spacecraft were also permitted, but
other LEO commercial contracts were subject to
future negotiations and mutual agreement.
Marketing of Proton launch vehicles was to
be handled via the newly formed Lockheed-
Khrunichev-Energia joint venture. By the end of
1994 no commercial Proton launches had been
undertaken, and the first such mission was
unlikely before the spring of 1996. Meanwhile,
debates concerning the raising of the number of
GEO launches and how to count the leasing of
Russian GEO spacecraft often became heated
(References 277-286). '
Before the US-Russian deal had been
ironed out, Russian officials had already
committed to a modernization of the nearly 30-
year-old launch vehicle. The new Proton-KM
launch vehicle will eventually be able to place
23.7 metric tons into LEO and 4.5 metric tons
directly into GEO. With a standard Block DM
fourth stage the Proton-KM will handle 3-metric-
ton GEO payloads (compared to a 2.5-metric-
ton limit for the Proton-K), but a new liquid
oxygen/liquid hydrogen fourth stage will permit
carrying the heavier 4.5-metric-ton spacecraft.
In addition, new shrouds with larger volumes,
some as large as 120 m?, will also be available.
Other elements of the modernization pro-
gram include a new guidance system, more effi-
cient energy and propellant management pro-
cedures, more benign payload launch enviro-
nments, and more accurate landing zones for
sub-orbital stages. Proton-KM will also be able
to use a version of Khrunichev’'s new Breeze
upper stage or Lavochkin's Fregat as an
auxiliary fifth stage. Plans also call for replacing
most Ukrainian suppliers of Proton components
with new Russian vendors. The first Proton-KM
may not fly until 1998 with the cryogenic upper
stage variant not appearing before the year
2000. Tentative plans announced in 1992 to
build Proton launch facilities at the Plesetsk
Cosmodrome were later abandoned when a



program for a new generation heavy-lift booster
was approved.

A competition to develop a successor to the
Proton launch vehicle was underway during
most of 1993-1994. The primary contenders
were the proposed Energiya-M launch vehicle,
already under development for several years,
and a new design named Angara. With the
cancellation of the Buran space shuttle program
(see below) and the deferment of government
sponsored super-heavy LEO and GEO
spacecraft, the original 100-metric-ton-class
Energiya launch vehicle program was halted,
and efforts to develop the Energiya-M launch
vehicle were redoubled.

Energiya-M would employ two standard
Energiya strap-on boosters with one 11D520
(RD-170) engine each and a shorter central
stage with only one 11D122 (RD-0120) engine
(Figure 2.28). Upper stages and payloads
would be stacked above the central stage within
a large shroud. The Energiya-M could orbit LEO
payloads of up to 35 metric tons or, using one of
three upper stages, could provide GEO capa-
bilities of 3.0, 4.5, or 7.0 metric tons,
respectively (References 287-294).

L

FIGURE 2.28 ENERGIYA-M AND ENERGIYA
' LAUNCH VEHICLES.

RKK Energiya’s Energiya-M ultimately lost
to Khrunichev’s Angara launch vehicle. The
odd-looking Angara (Figure 2.30) which could
begin operations between 2000 and 2005, will
have a LEO payload capacity of 26 metric tons,
slightly more than the forthcoming Proton-KM.
More importantly, Angara will consist of a liquid
oxygen/kerosene first stage and a liquid
oxygen/liquid hydrogen second stage, thereby
avoiding the environmental concerns of
Proton’s hypergolic propellants. Angara’s
unusual configuration will also allow it to use the
Zenit launch facilities now under construction at
the Plesetsk Cosmodrome. No plans have
been made to fly Angara from Baikonur, but
eventually the launch vehicle could take
advantage of the lower latitude (compared to
Plesetsk) complexes at Svobodnyy. With an
additional liquid oxygen/liquid hydrogen upper
stage, Angara could place 4.5-metric-ton
payloads into GEO, even from Plesetsk. Later,
Angara’s first stage may be made reusable
(References 295-300).

29.4 Reusable Launch Vehicles and
Foreign Application of Russian
Rocket Technology

About the time that Angara was selected to
be the next heavy-lift Russian launch vehicle,
the Central Research Institute of Machine
Building was reportedly studying a concept for a
partially reusable space transportation system.
The 3-stage launch vehicle, named Norma,
would use liquid oxygen and kerosene to power
all main engines and would have a LEO
payload capacity in excess of 75 metric tons. In
the initial concept, stages 1 and 3 could be
recovered and reused, employing many of the
techniques envisioned for the advanced
Energiya booster (Reference 301).

The Russian Federation’s only large-scale
reusable space transportation system was the
Buran space shuttle, flown only once in 1988 in
an unmanned mode (Figure 2.31). The Buran
orbiter was quite similar to the US Space
Shuttle with a mass of 75 metric tons, a payload
capacity of 30 metric tons, a length of 36.4 m,
and a wing-span of 24 m. Unlike the US Space
Shuttle, Buran did not carry main engines which
are employed during lift-off, since this function
was performed by the Energiya launch vehicle
central stage. During the early 1990’s, a man-
rated Buran spacecraft was being prepared for
flight, but in 1993 the program was officially
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FIGURE 2.32 MAKS SPACEPLANE ON MODIFIED AN-225 CARRIER.

terminated. Much of the remaining Buran hard- 8.3-metric-ton payload) or automated (with a
ware has been mothballed and is in storage at 9.5-metric-ton payload) flight.
the Baikonur Cosmodrome (References 302- In the air-launched mode, the space-plane
310). and a large propellant tank would separate from
For several years a logical successor to the the An-225 at an altitude of nearly 10 km, and
expensive Buran space shuttle has been the the spaceplane, using tri-propellant (liquid
Multi-purpose Aerospace System (MAKS) oxygen/liquid hydrogen/ kerosene) RD-701
based on a small spaceplane named Molniya engines, would fly into a low altitude orbit. The
and launched off the back of a modified An-225 overall dimensions of the spaceplane
aircraft (Figure 2.32). Conceived by the Molniya (Figure 2.33) are 19.3 m in length and 12.5 m
Scientific Production Association and the wing-span. Despite considerable international
Zhukovskiy Central Aerohydro-dynamics interest in the program, no commitment has
Research Institute, MAKS is based on more been made, and a maiden flight is unlikely in
than 30 years experience in developing this decade (References 306, 311-324). Alter-
reusable winged spacecraft under the Spiral, native plans to launch the Molniya spaceplane
EPOS, BOR, and Buran programs. MAKS atop an Energiya-M launch vehicle died along
would be a 30-metric-ton-class spacecraft with that booster program.

capable of manned (with a crew of two and an

Moaynb Jxnnax BopTosomn Basosbin 6nok opbuTansHon Bnok asuraTtenen
KABUHb! MARUNYNRTOP ABUraTENLHOM YCTGHOBKM ynpasneHna(XBocToBOM)

6170 /fvHaomuneckan 30Ha
noneanoro rpyaa/

Bnok psurarenen AnnapaTtypa BopToBoro CTIKOBOYHbI Cucrtema
ynpaBneHna(HOCOBOM)  KOMNNEKCa yNpaBAEHMS MOAYNb 3NeKTPOCHAbXeHNA

FIGURE 2.33 MAKS (MOLNIYA) SPACEPLANE.
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In 1993 the Russian Space Agency initiated
a research and development program named
Orel to determine the feasibility of producing
hypersonic engines to power a SSTO vehicle.
Under the leadership of the Central Institute of
Aviation Engine Building, scramjet evaluation
testing began in November 1991 with the aid of
S-200 tactical missiles launched from facilities
near Baikonur. A second flight was conducted a
year later with French assistance. Both mis-
sions tested the subsonic and supersonic (up to
Mach 6) performance of the subscale,
experimental engine. The near-term goal of the
Orel program is to support a prototype SSTO
designated the Tu-2000 which would have a
take-off mass of 70-90 metric tons, a length of
55-60 m, a wing-span of 14 m, and would be
able to carry a crew of two. The maiden flight of
the Tu-2000 is not anticipated before the year
2010 (References 306, 321, 325-339).

Meanwhile, conventional Russian rocket
engine technology (Table 2.2) has generated
considerable international interest for new or
improved expendable launch vehicles. The US
firm Pratt & Whitney has teamed with the
Energomash Scientific Production Association
to market the RD-120, RD-170/RD-171, and

FIGURE 2.34 RD-701 TRI-PROPELLANT
ENGINE.
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RD-701/704 engines. A smaller, 2-nozzle ver-
sion of the RD-170, called the RD-180, is under
development and is being evaluated by
Lockheed-Martin for possible use in the US
Atlas launch vehicle. Not to be outdone, Aerojet
is working with the Trud Scientific Production
Association in Samara on adapting the 1960-
1970’s era NK-33 rocket engines (used for the
ili-fated N-1 manned lunar launch vehicle) for
use in the US.

Aerojet is also exploring applications of the
Lyulka Engine Design Bureau's (Saturn
Scientific Production Association) cryogenic D-
57 engine and of the Khimavtomatiki Design
Bureau’s cryogenic RD-0120 flown by the
Energiya launch vehicle. Energomash is also
offering for commercial operations its small
restartable RD-0161 liquid oxygen/ kerosene




engine. However, by the end of 1994 none of
these activities had resulted in a firm decision to
employ Russian rocket engine technology in
Western launch vehicles (References 340-363).
In 1993 reports did cite a clandestine sale of
several RD-170 engines to the PRC (Reference
364).

Another Russian space propulsion specialty
garnering wide attention in the West is the use
of ion thrusters on spacecraft for attitude control
and orbital adjustments. Often referred to as
Hall thrusters, the low-power, high-endurance,
high-efficiency engines produced by the Fakel
Design Bureau have been in use on USSR/CIS
LEO and GEO spacecraft since 1971. A joint
Russian-American enterprise named Interna-
tional Space Technology, Inc. (ISTIl) was
formed to market engines such as the SPT-100.
The principal partners of ISTI are Fakel, the
Moscow Aviation Institute, and the US firm
Loral. SEP of France joined the venture in 1993.
In addition to substantial ground testing, I1STI
has undertaken in-orbit test programs on both
US and Russian spacecraft (References 365-
375).

Finally, the USSR/CIS has studied the
problem of designing nuclear-powered space
propulsion for more than 30 years. Most
concepts have involved the heating of a working
fluid (e.g., liquid hydrogen) by a fission or fusion
nuclear reactor. Although complex to build and
operate, such nuclear-powered engines attain
very high specific impulses (up to 950 seconds
or more) and are considered an attractive
means to send crews on interplanetary
voyages. The principal organizations in the
Russian Federation conducting research in this
area are the Kurchatov Institute of Atomic
Energy, the Research Institute for Thermal
Processes, the Moscow Physical-Technical
Institute, and the Luch Scientific Production
Association. Testing of nuclear engine designs
was performed for many years at the
Semipalatinsk proving grounds. However, in
recent years government support in both the
Russian Federation and the West has declined
significantly for space nuclear propulsion. A
new concept for a nuclear-powered propulsion
and electric power system, named Topaz-Star,
was without funding in late 1994, and the
simpler US-Russian Topaz Il program was also
faltering (References 376-388).
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2.9.5. Space Launch Facilities

From 1966 to 1987 the USSR operated
three launch sites: Baikonur in Kazakhstan and
Plesetsk and Kapustin Yar in Russia. The last
facility, which only launched the smallest space
boosters, conducted its fina! orbital mission in
1987 and is no longer a part of the Russian
Military Space Forces which manages all
launch activities. Kapustin Yar's last space-
related mission was the concluding sub-orbital
flight of the BOR-5 subscale model of the Buran
space shuttle in June, 1988. The other two sites
remain quite active and both have performed
more space launchings than any other facilities
in the world.

The Baikonur Cosmodrome (also known as
Tyuratam) is the oldest space launch facility in
the world and by the end of 1994 had conducted
over 1,000 space launches. Baikonur also
supports the largest assortment of CIS launch
vehicles: Proton-K, Rokot, Soyuz-U, Molniya-M,
Tsyklon-2, and Zenit. Eight launch pads were
operational in 1994, two were being overhauled,
and three Energiya launch pads (complexes
110 left and right and 250) were no longer in
use. Baikonur is the origin of all manned and
man-related (e.g., space stations and resupply
ships), lunar, interplanetary, high-altitude navi-
gation, and GEO missions. Baikonur will also be
critical for the deployment and the routine
operations of the International Space Station. A
total of 52 space launches were conducted at
Baikonur in the 1993-1994 period, more than
any other site in the world.

On 31 August 1991, soon after the
attempted coup against the Soviet President
Gorbachev, the President of Kazakhstan signed
a decree asserting jurisdiction over Baikonur.
The CIS agreement on Joint Activity in Space
and Exploitation, signed at the creation of the
CIS in Minsk on 30 December 1991, recognized
the value of Baikonur and the need to maintain
its facilities for the benefit of all CIS member
states. However, the next three years witnessed
considerable disagreement on how to effect this
goal. Finally, in 1994 the Russian Federation
and Kazakstan concluded a leasing
arrangement whereby Baikonur would come
under control of the Russian Federation for an
annual fee. The essential elements of the
complex agreement are found in Section 7,
space-related legal documents.
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During 1993-1994 world attention was fixed
on the conditions at Baikonur and the adjacent
town of Leninsk. Military unrest which let to riots
in 1992 continued in 1993, and numerous
Russian and Western reports warned of severe
degradation of technical and social facilities.
The Winter of 1993-1994 was particularly
severe due to a shortage of food and heating,
and launch delays and accidents (including a
fire at an integration and test facility) occurred
with disturbing frequency.

A US Congressional delegation visited
Baikonur in December, 1993, to ascertain the
extent of the problems and their potential
impact on future US-Russian cooperative space
missions. The situation stabilized in 1994 with
the new Russian-Kazakhstan accord and direct
intervention by the Russian government. In the
short-term many military support activities will
be transferred to the civilian Russian Space
Agency, and in the long-term many space mis-
sions will likely be transferred to the Plesetsk
Cosmodrome or the proposed Svobodnyy
Cosmodrome (References 389-414).
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FIGURE 2.36 BAIKONUR COSMODROME.

The Plesetsk Cosmodrome, for many years
(1969-1993) the busiest launch facility in the
world, is located in northwestern Russia.
Although capable of launching Korolev’s R-7
ICBM beginning in 1960, Plesetsk did not
perform its first space launch until 1966. By the
end of 1994 more than 1,450 launchings had
been conducted. From its northern latitude
(~63°N), space missions have been restricted
to orbital inclinations between 63° and 83°. The
1762-km? cosmodrome is supported by the
adjacent town of Mirny. ' '

Currently, Plesetsk supports only four
launch vehicle types: Kosmos-3M, Soyuz/
Molniya, Tskylon-3, and Start. Kosmos-3M can
be launched from any of three launch pads
(Complexes 132 left and right and 133). Soyuz/
Molniya launch vehicles are supported by three
active pads (Complexes 16 and 43 left and
right), while a fourth pad (Complex 41) is in
mothballs. The Tsyklon launch facilities include
two active launch pads (Complexes 32 left and
right). Start launches, which began in 1993, are
conducted by the Strategic Missile Forces




SOYUZ/MOLNIYA

SOYUZ/MOLNIYA

L’/—
— ‘\\sovuzmom&_\

‘/f@w

FIGURE 2.37 PLESETSK COSMODROME.

rather than the Military Space Forces from the
fixed RS-12M launch facilities at site 158.
Construction was underway in 1994 on
Complex 35 to permit Zenit launches by 1997.
Eventually, the heavy-lift Angara launch vehicle
may use this same complex. Later in the
decade Rus and Rokot launches are expected
from Plesetsk. Despite its important role in the
Russian space program, not until 11 November
1994 was Plesetsk granted the title First State
Testing Cosmodrome (References 415-422).
Unlike many space launch facilities in the
world, both Baikonur and Plesetsk are not
directly situated on or near a coast.
Consequently, the lower, sub-orbital stages of
USSR/CIS boosters normally fall back on
former Soviet territory. This situation limits the
permissible launch azimuths to avoid impacts
near populated or foreign regions, e.g., due
east launches (the most advantageous) from
Baikonur are forbidden since lower rocket
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stages would fall on Chinese territory. For those
launch corridors which are used, tens of
thousands of tons of spent boosters, many with
toxic residual propellants still on board, now
litter the countryside. Steps are underway
around both Baikonur and Plesetsk to mitigate
the situation, but the problem remains
monumental. ~
Although officials for several years have
talked about the advantages of constructing a
new Russian cosmodrome in the Far East, not
until early 1994 were specific plans set in
motion. The selected site is a former ICBM base
named Svobodnyy. Its latitude is essentially
equivalent to the minimum orbital inclination
now permitted from Baikonur. The first space
launches from Svobodnyy, which could come
as early as 1996, will be with Rokot boosters in
modified silos. Proposals to operate the future
Angara launch vehicle from Svobodnyy met
initial resistance from the Russian government,




but the issue is apparently far from settled
(References 423-430).

Finally, a consortium of joint stock
companies, joint ventures, and state organ-
izations created the Kosmoflot Scientific Tech-
nical Center to investigate the feasibility of
deploying sea-based space launch facilities.
These so-called floating cosmodromes would
house the launch vehicles in partially
submerged silos. The Okean system would be
capable of handling boosters with payloads of
up to two metric tons. A Government decree on
3 May 1994 designated RKK Energiya as the
lead Russian industry to develop sea-based
launch platforms. The decree also permitted
cooperation with Ukrainian enterprises
(References 431-434).

210 SPAIN

In 1992 Spain’s National Institute for
Aerospace Technology (INTA) announced
plans to develop a small orbital launch vehicle
with a payload capacity of up to 100 kg into 600
km polar orbits. Named Capricornio, the launch
vehicle is still in the preliminary design stage,
although an initial flight in this decade is
desired. To facilitate the development effort,
INTA will produce the solid-propellant second-
stage and purchase a foreign-made solid-
propellant first stage. The third stage may be
either foreign or domestic, liquid- or solid-
fueled, although a foreign solid-propellant stage
is the leading candidate. The initial launch site
may be El Aranosillo near Portugal to be
followed by a more capable launch facility in the
Canary Islands. Despite funding reductions and
schedule delays, the Capricornio program was
still officially on-going at the end of 1994.
Meanwhile, near-term launch needs for Spain’s
Minisat program will probably be met by the US’
Pegasus or ESA’s Ariane launch vehicles
(References 115, 435-438).

211 SWEDEN

Like its neighbor Norway, Sweden has

suggested converting its sounding rocket range
Esrange into a small space launch facility.
During 1993 Sweden had joined Norway in
offering a Polar Satellite Service with a yet-to-
be-determined launch vehicle (Section 2.7).
Later, Sweden leaned toward cooperation with
the Russian Federation to meet potential com-
mercial opportunities and its modest national
orbital requirements. By the end of 1994, the
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outlook for converting Esrange into a spaceport
was poor (References 156-157, 439).

2.12 UKRAINE

Although Ukraine has no domestic space
launch facilities, the former Soviet republic has
been producing high quality ballistic missiles
and launch vehicles for more than 30 years. Its
current offerings include the Tsyklon and Zenit
launch vehicle families. Moreover, the Russian
Kosmos-3M launch vehicle is derived from the
Ukrainian R-14 ballistic missile. Ukraine also
hopes to convert some of its other ballistic
missiles into new small-capacity launch
vehicles and continues to be a prime supplier of
components for Russian launch vehicles. The
heart of Ukrainian ballistic missile and launch
vehicle expertise is the Uzhnoye (Southern)
Scientific Production Association which
evolved from the Yangel Design Bureau.

The Tsyklon family of launch vehicles is
derived from Yuzhnoye's R-36 (NATO
designator SS-9) ICBM and is used in two
primary configurations. The two-stage Tsyklon-
2 launch vehicle has been launched exclusively
from the Baikonur Cosmodrome from Complex
90 left and right for high-value military missions:
the co-orbital ASAT, RORSAT, EORSAT, and
FOBS (Fractional Orbit Bombardment System).
Only the EORSAT program is still operational;
thus, the launch rate of the Tsyklon-2 is now
only a few per year. Both stages employ
hypergolic propellants, the first stage powered
by three 11D69 (RD-218) engines and the
second stage by one 11D26 (RD-219) engine.

The Tsyklon-3 launch vehicle appeared
more than a decade after the Tsyklon-2 for use
in both civilian and military space programs.
The Tsyklon-3 is launched only from the
Plesetsk Cosmodrome from Complex 32 left
and right. The restartable third stage of the
Tsyklon-3 is powered by the Ukrainian 11D25
(RD-861) which also uses UDMH and N204. A
total of 11 Tsyklon-3 launch vehicles were flown
during 1993-1994 with one failure occurring on
25 May 1994. The cause of that failure was
determined to be a short circuit which prevented
a successful separation of the second and third
stages. Like its Baikonur cousin, the Tsyklon-3
can be transported to the launch pad, erected,
fueled, and launched - all automatically and
within only a few hours (References 440-444),

Ukraine’s success with Tsyklon led to its
selection as the lead for the Zenit medium-
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NAME TSYKLON-2 TSYKLON-3 ZENIT-2
CIS DESIGNATOR (CURRENT) 11K69 11K68 11K77
US DESIGNATOR SL-11 SL-14 SL-16
FLIGHT OF ORIGINAL MODEL 1966 1977 1985
1993 SPACE MISSIONS 4 4 2
1994 SPACE MISSIONS 1 7 4
1985-1994 SPACE MISSIONS 32 85 25
1985-1994 RELIABILITY 1.000 0.965 0.760
OPERATIONAL LAUNCH SITES BAIKONUR PLESETSK BAIKONUR

FIGURE 2.38 UKRAINIAN OPERATIONAL LAUNCH VEHICLES.

capagcity launch vehicle in the second half of the
1970’s. From its inception, the Zenit program
was assigned a dual purpose: (1) develop a
new low-cost, 15-metric-ton capacity launch
vehicle and (2) design its first stage as a strap-
on booster for the Enerigya heavy-lift launch
vehicle. Although employing the more environ-
mentally friendly liquid oxygen and kerosene as
propellants, the Zenit adopted many of the
attractive traits of the Tsyklon space transporta-
tion system. Zenit is highly automated and can
be launched within hours of being erected on its
launch pad (Figure 2.39).

Ukraine chose two Russian power plants to
lift Zenit: the 11D521 (RD-171) engine for the
first stage and the 11D123 (RD-120) engine for
the second stage. Both were developed by the
Energomash Scientific Production Association
near Moscow. The Zenit was intended to
replace the Soyuz-U launch vehicle for many
programs, but economic and political forces
combined to prevent Zenit from becoming a
major part of the Russian space transportation
infrastructure. Since its introduction in 1985, the
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Zenit has primarily been used to support a
single Russian military space program.
However, Zenit picked up two new programs in
1994 and is slated to be one of the principal
logistics links for the International Space Station
(References 445-455). In addition, Zenit launch
facilities at the Plesetsk Cosmodrome should be
completed for launches beginning in 1997.
After a moderately successful initial flight
period during 1985-1990 (three failures in 12
missions), Zenit encountered three successive
failures, one of which destroyed its launch pad
at Baikonur. The 4 October 1990 failure just
seconds after launch was so severe that
Complex 45 right had still not been repaired by
the end of 1994. The launch vehicle
successfully returned to flight in November
1992 and had not lost another payload through
the end of 1994. A total of six missions were
flown during 1993-1994. A small problem did
arise following the 25 December 1992 and the
26 March 1993 flights. A modification to the
second stage engine, which had caused launch
failures in 1991 and 1992, led to an explosion of




the stage within two days of launch. A
subsequent fix resolved this problem
(Reference 456).

- Commercialization of the Zenit, once
considered highly marketable, has been rhet
with numerous setbacks. An early concept to
launch Zenits from the proposed Cape York,
Australia, spaceport faded with the demise of
that project. In 1993 a US firm, Commercial
Space Management, signed an agreement with
a Russian consortium for exclusive marketing
rights for Zenit, but this deal, too, fell through
when the US company went bankrupt
(References 448, 457-480).

Later in 1994 a new marketing and
operations arrangement was concluded by
Yuzhnoye, the US Boeing Commercial Space
Company, and the Norwegian ship-building firm
of Kvaerner Group. The new venture, under the
name of Sea Launch, envisions launching Zenit
vehicles from floating platforms in the Pacific
Ocean, perhaps as early as 1997. Meanwhile,
Space Systems/Loral was considering the Zenit
launch vehicle to deploy its Globalstar
spacecraft. Those LEO missions would
originate from the Baikonur Cosmodrome
(References 461-463).
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The ultimate success of the commercial
Zenit remains dependent upon both technology
and politics. For GEO missions a third stage
must be added to Zenit. Already several years
behind schedule, this effort has vacillated
between accepting a modified Proton Block DM
stage and developing a new Ukrainian stage.
At the end of 1994, the former was assessed as
the more likely outcome. Politically, disagree-
ments (1) between Ukraine and the Russian

Federation concerning the “nationality” of Zenit,

(2) about the utilization of the Baikonur
Cosmodrome, and (3) concerning Government
approval for US spacecraft to be launched on
Zenits still must be settled (References 464-
470).

An air-launched version of Zenit, named
Svitiaz, has also been proposed to circumvent
the existing launch site problems, albeit at a
significant penalty in payload capacity. Using
the An-225 aircraft as a launch platform, a
modified Zenit could deliver up to nine metric
tons into LEO or one metric ton into GEO. A
maiden flight of this configuration may be
possible by 1998 (References 452 and 471).

Also by 1998 three new, small space launch
vehicle systems could be in operation by
Ukraine. The most powerful and the most
imminent is the SS-18K, based on Yuzhnoye's
large RS-20 (NATO designator SS-18) ICBM.
Under the terms of the START accord, more
than 150 RS-20 missiles must be removed from
strategic service. Consequently, the designers
and manufacturers of the 2-stage, liquid
propellant (UDMH and N204) rocket have
conceived of a space launch variant with a lift
capacity of more than four metric tons into a
LEO 65° inclination. Originally set for launch in
1993, the §$S-18K had not risen from its
Baikonur launch facility by the end of 1994
(Figure 2.40).

In its basic configuration for orbits below
500 km, the 8S-18K would employ a third stage
based on the Lavochkin Fregat stage. For
payloads requiring orbital altitudes between 500
and 1,500 km, the Tsyklon C5M third stage
could be carried in place of the Fregat stage. A
third option would be to use a stage from
Yuzhnoye’'s RS-22 (NATO designator S$S-24)
ballistic missile for payloads of 800 kg in orbits
of 1,600 km and 90° inclinations. Mating a US
solid-propellant upper stage with the SS-18K
has also been proposed for missions to Mars.
The SS$-18K has been recommended for
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conducting microgravity research in either
orbital or ballistic regimes and for an emergency
rescue service named VITA (References 472-
477).

Another Yuzhnoye NPO product is the rail-
mobile and silo-based RS-22 missile noted
above. Ukraine is proposing to develop this
solid-propellant missile into a 3- or 4-stage
launch vehicle called Space Clipper with a low
altitude, polar payload capacity of up to 1,750
kg or an equatorial GTO payload capacity of
800 kg. The booster would be carried aloft
inside an An-124 cargo plane and then pushed
out the rear cargo door at an altitude of approxi-
mately 10 km (Figure 2.41). A small parachute
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would briefly stabilize the vehicle prior to first
stage ignition (References 474, 478-480).

In 1994 Yuzhnoye and the French firm
Dassault were reportedly exploring yet another
family of small launch vehicles. Four variants of
the launcher named Talisman would possess
payload capacities of 250-750 kg for a 600 km,
90° inclination orbit. The boosters would use a
small hypergolic (UDMH and N204) upper
stage for final orbital insertion in addition to 2-3
solid-propellant lower stages.

The Space Clipper and the Sea Launch
ventures noted above would provide Ukraine
with more control over the launch of its space
boosters. Other options under investigation are
the use of a domestic floating platform in the
Black Sea and the conversion of the Varyag
aircraft carrier (References 482-484),

2.13 UNITED KINGDOM

During the 1960’s and early 1970's the UK
embarked on a national space launch program
which culminated in the launch of the Prospero
scientific satellite by a Black Arrow launch
vehicle on 28 October 1971. However, for many
years further UK interests in launch vehicle
development were transferred to ELDO and
ESA programs. Finally, in 1982 British
Aerospace engineers originated a concept for a
single-stage, horizontal take-off and landing
(HOTOL) space transportation system. For the
next several years the design was refined and
eventually presenied to ESA for consideration;
meanwhile a 2-year proof-of-concept study was
initiated in 1985 among the UK government,
British Aerospace, and Rolls Royce.

Firm support for HOTOL never materialized
from the UK government or ESA, but the project
managed to survive at a very low level of effort.
The baseline HOTOL design in the late 1980’s
called for a 250 metric ton unmanned vehicle
which could deliver a payload of up to seven
metric tons to LEO on a typical mission lasting
50 hours. The vehicle would be similar in size
to the Concorde supersonic aircraft with an
overall length of 62 m and wing-span of 28 m.
Propuision would be provided by four RB545
dual-mode engines which would operate in an
air-breathing mode up to an altitude of 26 km
where a conversion would be made to a liquid
oxygen/liquid hydrogen rocket propulsion mode.
A 14-year development program was
recommended before HOTOL would become
operational. Despite some modest Government




FIGURE 2.41 SPACE CLIPPER LAUNCH
PROFILE.

encouragement to industry, the current
prospects for a full-sized HOTOL project in this
decade are poor (References 485-487).

In 1991 British Aerospace joined with the
USSR'’s Antonov Design Bureau to consider the
possibility of developing a smaller version of
HOTOL, dubbed Interim HOTOL, which could
be air-launched by a modified An-225 aircraft
(Figure 2.42) Interim HOTOL would be released
at an altitude of about nine kilometers and
would then use four Russian RD-0120, liquid
oxygen/liquid hydrogen engines to carry a
payload of 7-8 metric tons into LEO. Wind
tunnel testing of the Interim HOTOL and 8-
engine Antonov carrier has been accomplished.
The dimensions of Interim HOTOL are
approximately 36 m length and 22 m wing-span.
Despite considerable interest in the program, no
full development plan has been approved and
funded. The concept is still being evaluated and
may be continued under ESA’s FESTIP study
activities (References 488-495).

In 1993 the British firm Reaction Engines,
Ltd., revealed that it was developing an engine
called SABRE which could propel a new
spaceplane concept called Skylon. One of the
founders of Reaction Engines was a principal in
the design of HOTOL’s unique power plant.
Skylon would be 82 m in length with a wing-
span of 27 m and could carry a payload of 10
metric tons to an orbit of 300 km at a 5°
inclination (References 496-498).
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FIGURE 2.42 INTERIM-HOTOL ON MODIFIED AN-225 CARRIER.
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3.0 MANNED AND MAN-RELATED SPACE PROGRAMS

Since Yuri Gagarin first paved the way for
manned space flight, 113 citizens of 27 nations
in Europe and Asia have ventured into the
hostile near-Earth environment (Appendix 3).
However, 34 years after that historic mission
only the US and the Russian Federation had
developed the technological base and space-
craft necessary to carry man into space and to
return him home safely to Earth. Although ESA,
Japan, and the PRC have seriously considered
building manned spacecraft, all three programs
are on indefinite suspension with no flights
possible until after the year 2000. Hence, for the
remainder of this decade European and Asian
astronauts must continue their reliance on
American and Russian spaceships.

Despite this lack of national space
transportation capability, formal man-in-space
programs are developing rapidly in the Eastern
Hemisphere. ESA and Japan are major
partners in the International Space Station
program, contributing habitable modules to the
large complex, and have consequently
established official astronaut training programs.
In addition to its activities with ESA, France has
undertaken a long-term bi-lateral agreement
with USSR/Russian Federation to gain manned
space flight experiences. PRC’s on-again/ofi-
again manned space program appears dormant
at the present, but the country remains capable
of conducting an indigenous man-in-space
project or entering international endeavors.

Two of the five manned missions to Mir
carried crewmen from outside the former Soviet
bloc under special programs sponsored by
France and ESA. Two other ESA astronauts
flew on separate US Space Shuttle missions,
and for the first time a Russian cosmonaut was
launched on board an American spaceship.
Several more international missions are
scheduled before construction of the
International Space Station begins in late 1997.

3.1 INTERNATIONAL SPACE STATION
Ten years after President Reagan initiated
the permanent space station program in 1984,
the effort had finally achieved a measure of both
political and technical stability. Reborn during
1993-1994 as the International Space Station
Alpha (usually referred to simply as the
International Space Station by late 1994), the
historic endeavor now includes Canada, ESA,
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Japan, the Russian Federation, and the US as
the principal partners. Due to the considerable
resources being applied to the International
Space Station program by Europe and Asia, this
subsection is designed to provide a background
of the undertaking with emphasis on the general
Eurasian commitments. Additional details are
found in the national subsections which follow.

The earlier Space Station Freedom pro-
gram was subjected to an intensive review dur-
ing March-June, 1993, which led to the submis-
sion of three redesign options to US President
Clinton. The tentative selection of Option A
(which led to the “Alpha” moniker) had hardly
been made when a special summer study,
based on bilateral discussions begun in the
Spring, investigated the feasibility of accepting
the Russian Federation as a new principal
partner. By the Fall of 1993, the Alpha design
was expanded to include numerous Russian
elements, and by December the Russian
Federation was officially invited to join the
program (References 1-15). Kazakhstan and
Ukraine will be vital participants by way of the
use of the Baikonur Cosmodrome and the Zenit
launch vehicle, respectively, but they are inde-
pendent players in the International Space
Station program.

The design and schedule for the orbital
facility solidified in 1994 under a three phase
program. Phase 1 (aka Shuttle-Mir) constitutes
increased cooperation between the US and
Russian manned space programs and a series
of joint flights, including seven missions in
which the US Space Shuttle will dock with the
Mir space station during the period 1995-1997.
The veteran Russian cosmonaut Sergei
Krikalev kicked-off the flight portion of this
agreement as a member of the STS-60 crew in
February, 1994.

Phase 2 begins in late 1997 with the launch
of the US-financed, Russian-built first element
of the International Space Station, the FGB
module. Sixteen months later, after 14 main
missions (through flight 7A) and several
Russian logistical flights, Phase 2 will be
completed. Figure 3.1 depicts the International
Space Station after the second mission of
Phase 3 (Flight 7R) scheduled for May, 1999.
Assembly complete and the conclusion of
Phase 3 should occur in June, 2002, after 44
main missions and a projected 29 logistical




flights, primarily Russian Soyuz TM, Progress
M, and Progress M2 spacecraft.

When full operational capability is achieved
in 2002, the space station will consist of 17
modules with a total mass of about 420 metric
tons and a pressurized volume of more than
1,300 m3 (Figure 3.2). The overall length will be
110 m with a breadth of nearly 90 m.
Approximately 50 kW will be generated by the
combined US and Russian solar arrays. The
typical crew size (between visits by the STS or
Soyuz TM replenishments) will be six. The
station’s orbit will be on average 400 km high at
an inclination of 51.6°. Table 3.1 and Figure 3.3
describe more fully the European and Asian
contributions to the International Space Station
as of the end of 1994 (References 16-17).

EUROPEAN SPACE AGENCY
The stage was set for ESA’s entry into
manned spaceflight in December, 1972, with a

3.2
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FIGURE 3.1 INTERNATIONAL SPACE STATION IN EARLY PHASE 3.

European commitment to involve ESRO in the
US Space Shuttle program and in 1973 with the
signing of an agreement with the US to develop
the Spacelab scientific facility for the US Space
Transportation System. During 1993-1994 two
European astronauts representing ESA flew on
board US Space Shuttles: one in conjunction
with a Spacelab mission and one to service the
Hubble Space Telescope. ESA’s participation in
the International Space Station program will
ensure an expanding role for ESA in manned
space flight activities, despite the cancellations
in the Columbus free-flyer and the Hermes
spaceplane projects. In addition, ESA is
expected to begin the development of a Crew
Transport Vehicle (CTV) and an Automated
Transfer Vehicle (ATV) for use in conjunction
with the International Space Station.
Spacelab, which had flown on 10 STS
missions between 1983 and 1992, completed
five more successful flights during 1993-1994:



two ATLAS (Atmospheric Lab for Applications
and Science), one IML (International Micro-
gravity Laboratory), one SLS (Spacelab Life
Sciences) and Spacelab-D2 for Germany.
Spacelab is actually a modular system which is
custom configured and outfitted for each
specialized mission (Figure 3.4). The principal
components employed to date are the Long
Module habitable pressurized compartment
(approximately 8 metric tons, 4 m diameter; and
7 m length), the exposed equipment Pallet (725
kg base mass, 4 m diameter, and 3 m length),
and the pressurized equipment Igloo (640 kg
base mass, 1.1 m diameter, and 2.4 m height).
On manned Spacelab missions the Long
Module can be flown with up to two Pallets (only
non-Pallet and 1-Pallet missions have been
conducted), and on unmanned flights the Long
Module is replaced by an Igloo and as many as
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FIGURE 3.2 INTERNATIONAL SPACE STATION AT ASSEMBLY COMPLETE, YEAR 2002.

five Pallets (only 2- and 3- Pallet missions have
been conducted). A short Module configuration
(length approximately 4.3 m) was part of the
original Spacelab design but has not been
implemented (Reference 18).

Four ESA astronauts had flown a total of
seven orbital missions by the end of 1994.
ESA's first astronaut and a veteran of two STS
missions, Ulf Merbold, made his third flight
under the Euromir 94 mission in 1994 on the
Russian Soyuz-TM 20 spacecraft, including a
month-long stay on the Mir space station
(Section 3.8). Wubbo Ockels flew on a STS
mission in 1985 and has since retired. ESA’s
remaining two astronauts were both active in
1993-1994 with Claude Nicollier making his
second flight on the Hubble servicing mission
(STS-61) and Jean-Francois Clervoy making
his first trip into space on STS-66 for the ATLAS




TABLE 3.1 MAJOR EURASIAN ELEMENTS OF ISS.

COUNTRY/ORG. ELEMENT EST. MASS (MT) LAUNCH VEHICLE LAUNCH YEAR
RUSSIAN FEDERATION FaB 19.4 PROTON-K 1997
SERVICE MODULE 20.7 PROTON-K 1998
ACRV (SOYUZ-TM) 7.1 SQYUZ-U2 1998
PROGRESSM 7.3 SOYuUz-U/u2 1998
PROGRESSM2 12.8 ZENIT-2 1998
UNIVERSAL DOCKING MODULE 8.0 ZENIT-2 1998
DOCKING COMPARTMENT 3.9 SOYuzZ-U 1998
SCIENCE POWER PLATFORM 7.6, 6.8 ZENIT-2 1998, 1999
SPP SOLAR ARRAYS 76, 7.0 ZENIT-2 1999, 2001
RESEARCH MODULE #1 8.0 ZENIT-2 1999
DOCKING STOWAGE MODULE 8.0 ZENIT-2 2000
RESEARCH MODULE #2 8.0 ZENIT-2 2000
LIFE SUPPORT MODULE 8.0 ZENIT-2 2000
RESEARCH MODULE #3 8.0 ZENIT-2 2001
JAPAN JEM PRESSURIZED MODULE 16.4 STS ' 2000
JEM EXPOSURE FACILITY 13.4 STS 2000
ESA ATTACHED PRESSURIZED MODULE 10.0 ARAINE 5 2001
NOTES:

MT =METRIC TONS :

FGB IS BEING PROCURED BY USA AND WiLL BECOME AN AMERICAN ELEMENT

ACRV, PROGRESS-M, AND PROGRESS-M2 WILL BE FLOWN NUMEROUS TIMES; DATE INDICATES FIRST FLIGHT
TWO MISSIONS ARE REQUIRED FOR BOTH THE SPP AND THE SPP SOLAR ARRAYS
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3 Spacelab mission. A Belgian member of
ESA’s ESTEC, Dirk Frimout, was also a
member of the ATLAS 1 Spacelab crew on
STS-45 (1992).

Clervoy, formerly a French astronaut
trainee, was the first of ESA’s 1992 selection
class to fly in space (Reference 19). Maurizio
Cheli (Italy) is scheduled to be on board STS-75
with Nicollier in 1996, while Thomas Reiter
(Germany) was chosen for the second ESA
mission to the Mir space station, Euromir 95, in

1995. Three other ESA trainees are still
awaiting their assignments: Pedro Duque
(Spain), Christer Fuglesang (Sweden), and
Maraine Cheli-Merchez (Belgium).

Under the former Freedom Space Station
program, ESA had committed to providing the
Columbus attached laboratory with a mass of
up to 23 metric tons, a length of 12 m, and a
diameter of 4.5 m. Following the 1993 redesign
of the International Space Station, ESA
revamped their proposed contribution to the
station, now called the Columbus Orbital Facility
(COF), primarily to reduce cost. The module
(Figure 3.5) will be shorter than the original
design, relying heavily on the Mini Pressurized
Logistics Module (MPLM) being produced by
Italy for the US. The COF is now expected to
have an initial mass of only 10 metric tons with
a capacity to support four International
Standard Payload Racks (ISPRs) and will be
launched by an Ariane 5 booster in 2001.
Formal approval for the construction of COF,
along with details of the final design were
expected in 1995 (References 20-27).

FIGURE 3.5 ESA CONCEPTS FOR COLUMBUS ORBITAL FACILITY, ATV, AND CTV.




While support for the Columbus program
wavered during 1993-1994, renewed efforts to
create Ariane 5-compatible manned and
unmanned transports to service the space
station were led by the French. Long-interested
in providing an assured crew return vehicle for

"the space station, ESA initiated a new design
effort for a manned spacecraft called the Crew
Transport Vehicle or CTV (Figure 3.6). If
developed, the 10-metric-ton CTV could carry a
crew of four as well as a small amount of cargo
to and from the International Space Station. The
test of the Atmospheric Reentry Demonstrator
(ARD) on the second Ariane 5 mission
(scheduled for 1996) will set the stage for a
possible CTV go-ahead in 1997 with an
unmannhed maiden flight in 2001. The ARD will
have a mass of 2.8 metric tons, a diameter of
2.8 m, and a height of 2.4 m and will be
produced by a team led by Aerospatiale
(References 21, 28-36).

On a parallel path, ESA has been designing
an Automated Transfer Vehicle or ATV for
several years. The latest design of the ATV
(Figure 3.7) envisions maximizing the use of
Ariane 5 hardware to create a simple carrier
with both pressurized and unpressurized

FIGURE 3.6 PRELIMINARY DESIGN
FOR ESA'S CREW TRANSPORT VEHICLE.
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compartments and a cargo capacity of 10 metric -
tons or more. A detailed, 18-month definition
phase was started in mid-1994. Success with
the ATV is expected to encourage an ESA
decision to proceed with the CTV (References
21 and 28).

In addition to the Euromir missions of 1994
and 1995, ESA and the Russian Federation
explored several areas of potential collaboration
during 1993-1994. However, most of these
endeavors were associated with the planned
Mir 2 space station which was later integrated
into the International Space Station program,
and consequently most of the efforts have been
reoriented or abandoned. ESA and the Russian
Federation had begun work on the design of a
new EVA suit (EVA Suit 2000) which would be
available near the turn of the century for Mir 2
and the now-canceled Hermes spaceplane.
Other activities included modernization of the
Soyuz TM and Progress M spacecraft, the
development of a space station database
management system, and the manufacture of
an external robotic arm. The last two concepts
remain candidates for the International Space
Station (References 21, 37-44),

FIGURE 3.7 PRELIMINARY DESIGN FOR
ESA'S AUTOMATED TRANSFER VEHICLE.



3.3 FRANCE

Between 1982 and 1994 five Frenchmen
flew on six orbital missions conducted by the
US or the USSR/Russian Federation (Appendix
3). All but one of these flights were nationally
sponsored, whereas the last in 1994 was under
the auspices of ESA. France was the originator
of the Hermes spaceplane concept which was
adopted and later abandoned by ESA and has
been the principal proponent of ESA’s CTV now
under consideration for manned missions in the
year 2002 or beyond. Meanwhile, France is
preparing for two final short-duration missions
to Mir in 1996 and 1997, respectively.

France’'s first astronaut, Jean-Loop
Chretien, visited the Soviet Salyut 7 space
station in June, 1982, on an 8-day mission and
then worked on board Mir for 23 days during
November-December, 1988. On the latter mis-
sion Chretien became the first non-American/
non-Soviet astronaut to perform an EVA. In
between Chretien’'s missions, Patrick Baudry
was a member of the ST5-51G crew in 1985.
During July-August, 1992, Michel Tognini spent
nearly two weeks on board Mir under the
Antares program, which was followed by the 3-
week Altair mission to Mir of Jean-Pierre
Haignere in July, 1993 (Section 3.8).
Representing ESA, Frenchman Jean-Francois
Clervoy flew on board STS-66 in 1994
(References 45-46).

Current plans call for Claudie Andre-
Deshays to visit Mir in 1996 on board Soyuz
TM-24 and for Leopold Eyharts to follow suit on
Soyuz TM-27 in 1997. Both flights will last only
about two weeks. The proposed decommission-
ing of the Mir space station in late 1997 or 1998
will probably negate earlier plans for another
French mission to a Russian space station late
in the decade (References 47-49).

3.4 GERMANY

Excluding the former Soviet Union,
Germany can boast of the largest humber of
astronauts in Europe and Asia. By the end of
1994 seven German nationals had flown in
space: six on German-sponsored missions on
the US STS or Russian space stations and one
as a representative of ESA (Appendix A3).
Germany's experience with manned space flight
dates back to 1978 when East German
cosmonaut Sigmund Jahn became the third
foreign national to visit a Soviet space station
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(Salyut 6). Moreover, five of these astronauts
are physicists by profession rather than the
more common pilot or engineer. During 1993-
1994 the second German Spacelab mission,
Spacelab D2, was conducted with the
assistance of two rookie German astronauts,
and UIf Merbold completed his third flight in
space for ESA under the Euromir 94 project.

A strong supporter of ESA’s Spacelab
program, Germany is the only ESA member to
underwrite a dedicated Spacelab flight. The
Challenger accident which occurred only a few
months after the successful Spacelab D1 of
October-November, 1985, with two German
astronauts, delayed the continuation of such
missions from 1988 until 1993. Spacelab D2,
with German astronauts Hans Schlegal and
Ulrich Water accompanied by five NASA
astronauts, was launched on 26 April 1993 for
an intensive 10-day mission of scientific
studies. Figure 3.8 illustrates the primary
facilities available to the crew, amounting to a
payload mass of approximately 6.5 metric tons.
Materials science and biological science
experiments constituted the majority of planned
activities, but Earth observation, atmospheric
physics, astronomy, and technology research
programs were also undertaken. Noteworthy
experiments included the Robotic Technology
Experiment (ROTEX), Modular Optical
Multispectral Scanner 02 (MOMS 02), Galactic
Ultra-wideangle Schmidt System (GAUSS),
Atomic Oxygen Exposure Tray (AOET),
Holographical Optical Laboratory (HOLOP), and
Statolithic Experiment Il (STATEX 1)
(References 50-53).

While a third German Spacelab mission
was considered, no commitments have been
made, and the prospect is now unlikely.
German man-related activities will probably be
restricted to international STS missions like IML
or ESA-sponsored flights. Germany will
continue its leadership of ESA’s participation in
the International Space Station program. Earlier
plans to create a manned space transportation
system Sanger/HORUS (Hypersonic Orbital
Reusable Upper Stage) have been deferred
indefinitely (Section 2.2).

KAZAKHSTAN ;
Although Kazakhstan has yet to establish a
formal man-in-space program, Five of its
natives have flown in space, accumulating more
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The experimental faclities
inside Spacelab are contained
in racks, similar in concept to
those used n ground labora-
tories
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FIGURE 3.8 SPACELAB LAYOUT FOR GERMAN SPACELAB D2 MISSION.

than 650 man-days of experience. T.O.
Aubakirov in 1991 was the fourth Kazakh to be
launched into space but was the first to officially
represent his homeland rather than the Soviet
Union in general (Appendix 3). Two Kazakh
astronauts, T.A. Musabayev and A.S.
Viktorenko, conducted missions on the Mir
space station during 1994 under the Soyuz TM-
19 and Soyuz TM-20 programs, respectively.
Specific activities and achievements of these
Kazakh astronauts are summarized in Section
3.8.

JAPAN
Japan’s entrance into manned space flight
is following the road pioneered by its European
allies: initial missions on foreign spacecraft,
participation in the International Space Station
program, and preliminary research on the
development of a small, reusable spaceplane.
Three Japanese have flown in space, but in
general national support in Japan for manned
activities has not yet matched that of Europe. A
piloted version of the HOPE space
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transpontation system still awaits government
approval.

Although the first Japanese astronaut,
T. Akiyama, flew a mission to the Mir space
station in late 1990 (Soyuz TM-11), this was a
purely commercial venture, like the UK mission
five months later, and did not enjoy government
backing. The first officially sanctioned Japanese
manned space flight occurred in September,
1992, on the US STS under the Spacelab J
program, analogous to the German Spacelab D
flights. The 8-day Spacelab J mission with
astronaut M. Mohri was primarily devoted to
conducting material sciences and life sciences
experiments. Japan also played a major role in
organizing the International Microgravity
Laboratory program which first flew on the US
STS in 1992 and was repeated in 1994. The
latter mission included Dr. Chiaki Naito-Mukai
as a payload specialist and the first Japanese
female astronaut on the 15-day flight. A
medically oriented STS mission with a
Japanese astronaut is tentatively scheduled for
February, 1998. Meanwhile, Koichi Wakata will



be a member of the STS-72 crew in 1995 on a
mission to retrieve the Japanese Space Flyer
Unit (References 54-55).

The Japanese Experiment Module (JEM)
was designed to serve as one of the four
primary sections of the Freedom Space Station
and has remained essentially unchanged in the
current design for the International Space
Station. JEM is actually a complex facility
consisting of a Pressurized Module, Experiment
Logistics Modules (Pressurized Section and
Exposed Section), an Exposed Facility platform,
an air-lock, and a remote manipulator arm
(Figure 3.9). The Experiment Logistics Modules
and the Exposed Facility are specifically
designed to be replaced periodically to allow a
diverse and evolutionary scientific experimenta-
tion program. Under current plans JEM will be
delivered to the International Space Station in
parts in the year 2000. When fully assembled,
the module will probably possess a mass in
excess of 30 metric tons. The engineering
model of JEM was already under construction
by the end of 1992, and in December, 1993, the
Space Station Test Building was completed.
Thermal tests on the structural model of JEM's
Exposed Facility began in July, 1994. NASDA is
managing the JEM program with the assistance
of prime contractor Mitsubishi Heavy Industries.
The Japan Manned Space Systems consortium
has also been formed to promote a long-term
presence in space (References 56-64).

NASDA had planned to make HOPE a vital
part of JEM's logistical infrastructure. Launched
by the H-1l booster, HOPE (Section 2.6) would
deliver new equipment to the space station and
return with the fruits of scientific experiments.

Exposed logistic section

Experjuent Logistic Hodule
/Exposed Sectfon

FIGURE 3.9 JAPANESE EXPERIMENT
MODULE FOR ISS.

This scenario is still possible if the program is
approved later in the decade, but a manned
version of the spaceplane is unlikely until about
2010 or later.

3.7 PEOPLE’S REPUBLIC OF CHINA

Since the late 1970's the PRC has seriously
planned for the eventual flight of Chinese
astronauts, but shifting program priorities have
resulted in only preliminary work in the areas of
spacecraft design and space medicine. Small
teams of Chinese have undergone some
astronaut training, and designs for manned
spacecraft ranging from simple capsules to
space shuttles to space stations have all been
drawn up. The 1984 prospect of a Chinese
astronaut flying on the US Space Shuttle never
materialized (Reference 65).

A 1978 decision to embark on a Chinese
manned space program was short-lived,
although astronaut training and space suit
design were initiated (References 66-70). By
the mid-1980°’s PRC began to talk about
building a manned Chinese space station in
apparent competition with the US and the
USSR programs (References 71-76). Although
discussions of sophisticated space shuttles
were offered, the near-term goal appeared to be
a Gemini-class capsule launched by an
expendable booster with a crew of 2-4
astronauts. In 1994 the PRC held discussions
with Russian aerospace officials for the purpose
of acquiring Soyuz technology to be adapted to
a Chinese recoverable capsule for launch by a
CZ-2E booster, perhaps as early as the year
2002. The launch site may be a new facility
reported in 1992 to be under construction 200 -
km from Jiuquan (References 77-82).

The PRC has also renewed its interest in
joining the International Space Station, although
such cooperation is unlikely before the facility
reaches its initial full operational capability in
2002 (References 83-84). Plans for a Sanger-
class, two-stage manned space shuttle were
under development in the early 1980’s, but the
demanding program does not appear to have a
high priority (Reference 85).

3.8 RUSSIAN FEDERATION

The Mir space station program celebrated
its eighth anniversary of orbital operations in
1994 amid growing international interest in
exploiting the facility before construction of the
International Space Station begins in late 1997.




In fact, Phase 1 of the ISS program revolves
around seven missions during 1995-1997 when
a US Space Shuttle will dock with the Mir space
station. Meanwhile, ESA and French missions
to Mir will continue under separate agreements.
The Mir program is now set for termination in
1998 but may be extended.

The Mir core module has been in Earth orbit
since February, 1986, and by the end of 1994
had exceeded its original design life. The
vehicle is 13.1 m long with a maximum diameter
of 4.2 m and an initial mass of 20.4 metric tons.
The habitable volume is approximately 90 ms,
and the two main solar arrays were augmented
in 1987 with a third, deployed array for a total
power capacity of 10.1 kW, although environ-
mental effects have reduced this value. The
basic outward configuration of Mir was similar to
that of Salyut 6 and Salyut 7, but the forward
transfer compartment of Salyut was replaced
with a 5-port docking module on Mir. Internally,
many design changes and system improve-
ments were incorporated.

Space station logistical and upgrade
requirements have been met with three classes
of spacecraft: crew ferries (Soyuz T and Soyuz
TM), unmanned cargo ships (Progress and
Progress M), and large specialized modules
(Kvant and Kristall). By the end of 1994, Mir had
received one Soyuz T, 20 Soyuz TM, 18
Progress, and 25 Progress M spacecraft as well
as three large, permanent modules: Kvant 1,
Kvant 2, and Kristall. Impressively, all 68 of
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REENTRY MODULE

RENDEZVOUS AND
DOCKING SYSTEM
ANTENNAS

DOCKING
MECHANISM

TV CAMERA

ORBITAL MODULE
OPTICAL VIEWER

these spacecraft, representing about 540 metric
tons, were launched successfully and achieved
their primary objectives of docking and crew
and cargo deliveries.

Designed and manufactured by RKK
Energiya, the Soyuz TM is capable of carrying
three cosmonauts and has a gross weight of
just over seven metric tons, a length of seven
meters, and a maximum diameter of 2.7 m
(Figure 3.10). The spacecraft consists of three
main sections: the orbital module, the command
and reentry module, and the service module.
Two solar arrays (10.6 m span) provide
electrical power for the typical 50-hour journey
to Mir and can be interconnected with the space
station’s electrical system to furnish an
additional 1.3 kW. The nominal flight time for a
Soyuz TM spaceship is 5-6 months (References
86-90).

Since the cargo capacity of a manned
Soyuz TM is limited to only a few hundred
kilograms, a more efficient logistics vehicle was
designed for support operations to Mir.
Progress M (maiden flight in August, 1989) is a
“modernized” version of the original Progress
cargo freighter (1978-1990) which flew 43 times
(including Kosmos 1669) without a-docking
failure. Derived from Soyuz TM, Progress M has
a launch mass of approximately 7.3 metric tons
and a length of 8.2 m.

Whereas the service module is essentially
the same as the one used by Soyuz TM, the
central module is designed for carrying

SOLAR PANEL

INSTRUMENT COMPARTMENT

ATTITUDE CONTROL
SYSTEM ENGINES

TELEMETRY SYSTEM
ANTENNA

< RENDEZVOUS SYSTEM
%>  ANTENNA

MAIN PROPULSION
SYSTEM

IR ATTITUDE SENSORS

FIGURE 3.10 SOYUZ TM SPACECRAFT.
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FIGURE 3.11 PROGRESS M SPACECRAFT.

propellants, air, and water, while dry cargo is
stored in the forward, nearly spherical
compartment (Figure 3.11). Continual
improvements to the spacecraft have increased
the total payload cargo to 2.7 metric tons,
although the use of the Soyuz-U launch vehicle
instead of the Soyuz-U2 since mid-1993 has
generally limited the cargo capacity to 2.5
metric tons. Progress M was originally rated for
30 days independent flight and up to 180 days
attached to Mir. During 1993-1994 Progress M-
17 established new records with a 131-day stay
at Mir and a total flight time of 337 days.
Although Progress M spacecraft are destroyed
during reentry, beginning in 1990 (Progress M-
-5) a small Raduga recoverable capsule
(payload capacity of 150 kg) has been used on
about every other mission (References 87, 89-
95).

With the advent of the Mir space station in
1986, a new requirement for permanent expan-
sion of the orbital complex was set. In 1987
Kvant 1, a specialized module left over from the
Salyut 7 program, was attached to Mir not only
to provide a complex set of scientific equipment
(the international Roentgen X-ray Observatory
consisting of the HEXE, Pulsar X-1, Sirene-2,
and TTM instruments; the Glasar UV telescope;
and the Svetlana electrophoresis unit) but also
to enhance space station support systems, in
particular attitude control via six large
gyrodynes. When attached to the aft docking
port of Mir, Kvant 1 measured 5.8 m in length
and 4.2 m in diameter with an initial mass of 11
metric tons (References 87, 89-90, 96-97).

The four forward radial ports were reserved
for full-size modules of about 19.6 metric tons
each. The highly specialized modules were built
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at the Khrunichev Machine Building plant for the
Energiya NPO, now RKK Energiya. Kvant 2,
which was attached in 1989, was also known as
the additional equipment module in accordance
with its wide variety of new systems. Perhaps
the most important feature of the new module
was the unique air-lock chamber with an
enlarged (1 m diameter) exit hatch. In addition,
the 12.4 m long, 4.4 m diameter Kvant 2 housed
the following major equipment:

» Six gyrodynes
MKF-6MA multi-spectral camera system
ITS-7D infrared spectrometer

MKS-M2 optical spectrometer

KAP-350 Topographic camera
ARIS X-ray sensor

Inkubator 2 hatchery

Rodnik water system

Elektron and Vika electrolysis units
ASP-G-M exterior instrument platform.

Less exotic but equally important are Kvant
2's two solar arrays with a capacity of 6.7 kW at
beginning of life (References 87, 89-90, 98-
103). .

Six months after the arrival of Kvant 2, the
Kristall module became the newest component
of the Mir complex. Kristall possessed the same
mass and diameter as Kvant 2 but was a little
shorter at 11.9 m. In place of the Kvant 2 air-
lock chamber, Kristall was equipped with a new
multiple docking adapter employing two APAS-
89 androgynous ports for mating with the Buran
space shuttle and a new model of Soyuz TM.

FIGURE 3.12 MIR SPACE STATION
CONFIGURATION, JANUARY, 1993.




The primary scientific payload was devoted to
microgravity research and is described in more
detail in Section 4.4.7. Kristall also carried the
Priroda 5 high resolution camera and the Svet
greenhouse for botanical research. The two
solar arrays on Kristall were of a new design
with a total 8.4 kW capacity, variable
deployment positioning, and the ability to be
removed and relocated to another part of the
space station (References 87, 89-90).

By the end of 1990 the Mir space station’s
normal configuration consisted of six linked
spacecraft: Mir, Kvant 1, Kvant 2, Kristall, a
Soyuz TM, and a Progress M. Together they
boasted a total mass of about 90 metric tons
and a habitable volume of 270 m3. With further
additions installed during EVAs, the complex at
the end of 1992 appeared as shown in
Figure 3.12. Detailed interior drawings of the
four main modules are presented in
Figures 3.13 and 3.14 (Reference 108).

3.8.1 1993 Operations

As the new year of 1993 dawned, the
twelfth expedition to Mir was drawing to a close.
Cosmonauts Anatoli Y. Solovyev and Sergei V.
Avdeyev had docked their Soyuz TM-15
spacecraft at Mir on 29 July 1992 along with
French cosmonaut M. Tognini, who had
returned to Earth on 10 August 1992 with the
Soyuz TM-14. Also attached to Mir was the
Progress M-15 cargo spacecraft which had
arrived at the space station on 29 October
1992. The entire complex was circling the Earth
at a mean altitude of 395 km with an orbital
inclination of 51.6°. The schedule for 1993
drawn up by the Russian Space Agency called
for three new expeditions as well as five
Progress M logistical missions (Reference 109).

During the first three weeks of January,
Solovyev and Avdeyev conducted a variety of
geophysical and astrophysical observations and
refueled the Mir core module with propellants
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from Progress M-15. Meanwhile, final
preparations were being made on Earth for the
faunch of the Soyuz TM-16 spacecraft.
Commander Gennady Manakov, a veteran of
the 5-month Soyuz TM-10 mission, and Flight
Engineer Aleksandr Poleshchuk, a rookie
cosmonaut, arrived at the Baikonur Cosmo-
drome on 11 Januaty along with their backup
crew. The faunch of Soyuz TM-16 occurred on
schedule on 24 January with a planned docking
at Mir 49.5 hours later (References 110-113).
Soyuz TM-16 differed from all its 15
predecessors by being equipped with the new
APAS-89 (Androgynous Peripheral Docking
Assembly) system designed specifically for
docking with the forward port of the Kristall
module. The device had originally been created
to permit dockings between the Mir space
station and the Buran space shuttle, and a
Soyuz TM test flight had been repeatedly
delayed since 1991, Although Buran was
destined to never fly again, the test of the
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APAS-89 system was vital to the proposed
matings of Mir with US Space Shuttles.

As Soyuz TM-16 approached to within 150
m of the Mir space station on the morning of 26
January Manakov and Poleshchuk disengaged
the automatic rendezvous and docking system
to assume manual control during the final few
minutes. The spacecraft was slowly brought to
within 70 meters where a final maneuvering
system check-out and visual survey of the
Kristall port were performed. Approval for
docking was then given, and Soyuz TM-16
docked without incident several minutes ahead
of schedule. Not only had a spacecraft docked
successfully with the special Kristali port, but
also the Mir complex for the first time consisted
of seven linked vehicles with a mass of approxi-
mately 100 metric tons (References 111, 113-
115).

For the next six days the four cosmonauts
were busy engaged in the traditional handover
tasks and preparing the Soyuz TM-15




spacecraft for its return to Earth. A Rezonans
experiment was conducted to evaluate the
dynamic and structural characteristics of the
new Mir configuration, and Solovyev and
Avdeyev spent time wearing the Chibis
pneumatic suit designed to improve circulation
in the lower extremities prior to going home.
After loading Soyuz TM-15 with experimental
results and personal effects, Solovyev and
Avdeyev entered their spacecraft, closed the
hatches to Mir, and undocked precisely at the
stroke of midnight (GMT) on the morning of 1
February. Three hours and 48 minutes later the
duo had safely landed after a mission of nearly
187 days (References 116-117).

The Soyuz TM-15 post-mission review high-
lighted the achievements of the twelfth expedi-
tion which included four spacewalks (three for
the installation of an attitude control unit on the
Sofora girder) and experiments in a wide range
of scientific disciplines. Of particular
significance was the hatching of quail eggs in
the Incubator-2 facility. On the other hand, the
delay in launching the remaining two modules,
Spektr and Priroda, to Mir and the increasingly
frequent equipment breakdowns on the space
station were also acknowledged as limiting the
potential of the Russian man-in-space program.
The new Soyuz TM-16 mission was assigned
only moderate objectives, including up to three
EVAs and the reception of three unmanned
Progress M spacecraft. However, only a few
days after assuming command of Mir, Manakov
and Poleshchuk were to initiate an experiment
of extreme scientific and engineering interest
(References 118-120).

After a stay of 97 days, Progress M-15 was
undocked from the Kvant 1 aft port early on 4
February, setting the stage for two final tasks.
Twelve minutes after undocking and still at a
distance of only 160 m, the Znamya (Banner) 2
solar reflector experiment commenced with the
3-minute unfurling of a 20-m diameter, circular
Kevlar sheet from a special unit attached to the
forward end of Progress M-15. An initial spin-
rate of 95 rpm (later reduced to 14 rpm) kept the
eight triangular sections relatively flat, forming a
nearly uniform disk. The spacecraft was then
reoriented to begin the “New Light” experiment
four hours and 15 minutes after undocking and
12.1 km from Mir. For six minutes the reflector
projected a spot up to 30 km in diameter onto
the Earth, but the experiment was abruptly
terminated when Progress M-15 crossed the
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terminator into the sunlight portion of the Earth
(Figure 3.15). Within minutes the Znamya
apparatus was ejected from the spacecraft to
permit another experiment the following day.
Future experiments involving protracted
illumination of regions of the Earth and solar sail
propulsion have been proposed, although fund-
ing appears to be lacking (References 116,
121-130).

On 5 February Progress M-15, under com-
mand of the Flight Control Center (FCC or
TsUP) outside Moscow, was maneuvered back
toward the Mir space station. At a distance of
200 m the cosmonauts on Mir took control of
the cargo craft with a new teleoperator system
and practiced guiding the spacecraft manually.
Unbeknownst to Mir program managers, this
successful test would later be highly valuable.
Finally, on 7 February Progress M-15, its
mission now over, was commanded to de-orbit
after which it was destroyed during reentry into
the atmosphere (Reference 131).

For the next two weeks Manakov and
Poleshchuk tended to less dramatic chores and
experiments, including medical checks and
exposures of materials to outer space. A new
resupply spacecraft, Progress M-16, was
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launched on 21 February, docking with the
Kvant 1 aft port on schedule two days later with
nearly 2.6 metric tons of needed material.
During the following four weeks the Mir crew
performed a series of maintenance tasks,
including the replacement of a faulty air-
conditioning unit and a communications system
regulating contact with the Luch geostationary
data relay satellite, work on the atmospheric
water extraction system, and installation of new
gyrodyne stabilizers in the Kvant 2 module.
Meanwhile, propellant was transferred from
Progress M-16 to Mir, and the former's
propulsion system was used to make the first of
several orbital maneuvers for the space station
during the 1993-1994 period (Figure 3.16)
(Reference 132).

To expand upon the experience in remote
control of a Progress M spacecraft gained
during February, Progress M-16 was undocked
on the morning of 26 March. Once again the
cosmonauts took control of the robot vehicle,
first backing it away from the orbital laboratory
to a distance of 70 m and then guiding the
spacectratft to a redocking with Kvant 1 after only
17 minutes. The following day Progress M-16
was undocked again under the control of
Manakov and Poleshchuk, but control was
quickly passed to the TsUP which commanded
the vehicle into a destructive reentry into the
atmosphere (Reference 133).

Flight control managers rarely leave Mir
unattended by a Progress M spacecraft, so the
launch of Progress M-17 on 31 March and its
docking with Kvant 1 on 2 April were routine.
The next major event on board Mir occurred on

19 April when Manakov and Poleshchuk
conducted their first EVA of the mission. The
objective was to transfer a solar array drive
from the Kristall module to Kvant 1 in
preparation for the later transfer of the entire
solar array, a project which was already years
behind schedule. The spacewalk, planned for a
4 hr 57 min duration, started well but ran into
several problems.

The solar array drive was transferred with
the aid of the Strela crane, but the cosmonauts
experienced difficulty in completely installing
the unit in its new location on Kvant 1.
Poleshchuk’s space suit was also indicating a
problem in the ventilation system. Finally
achieving their task, the two cosmonauts began
returning to the EVA compartment of Kvant 2,
only to discover that one of the two operating

" handles for the Strela crane had floated away.

The EVA was safely concluded after 5 hr 25
min, but future EVAs were postponed until
either a makeshift handle could be devised or a
new handle could be delivered (References
134-136).

Activities on board Mir during the following
month were uneventful, and a replacement
handle could not be improvised. Therefore,
when the next resupply ship, Progress M-18,
was launched on 22 May (three days behind
schedule), a new handle for the Strela crane
was on board. Progress M-18 docked with the
Mir forward port on 24 May while Progress M-17
remained attached to Kvant 1, thus marking the
first time that two Progress spacecraft had ever
been docked to a Soviet/Russian space station
simultaneously. The reason for retaining
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Progress M-17 was not apparent until almost
three months later. In addition to the Strela
handle and the normal supplies, Progress M-18
also carried a 1-kg aluminum sculpture entitled
Cosmic Dancer under a commercial agreement
with a Swiss non-profit organization. The new
Mir visitor was also the first Progress M
spacecraft of the year to be equipped with a
Raduga return capsule (References 137-140).
With the Strela replacement part now in
hand, a second EVA was scheduled for
18 June. This time all went well, and the cosmo-
nauts were able to fix the Strela crane and
transfer the remaining Kristall solar array drive
to Kvant 1. In fact, the entire operation lasted
only 4 hr 33 min, less than the allocated 5
hours. For the rest of the month, Manakov and
Poleshchuk were engaged in routine experi-
ments and maintenance as they awaited the
arrival of their relief crew (References 141-143).
The Soyuz TM-17 mission was to be the
fourth French visit to a Soviet/Russian space
station and would allow Air Force pilot Jean-
Pierre Haignere a stay of nearly three weeks on
Mir. In charge of the flight was Lt. Col. Vasiliy
Tsibliyev assisted by Flight Engineer Aleksandr
Serebrov. Tsibliyev was making his first entry
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into space, while his Russian comrade was a
veteran of three previous missions. Lift-off
occurred on schedule in the afternoon of 1 July,
and a normal two-day rendezvous brought the
Soyuz TM-17 spacecraft to the vicinity of the Mir
complex on 3 July (References 143-147).
Mission managers took advantage of a rare
photo opportunity as Soyuz TM-17 approached
the space station. With both the standard
docking ports occupied by Progress M space-
craft, one had to be vacated to give Soyuz TM-
17 a berthing space. As the new manned
spacecraft hovered nearby, Progress M-18
undocked and slowly backed away from the Mir
forward port (Figure 3.17). Just 26 minutes
later, Soyuz TM-17 had successfully docked in
its place. Progress M-18 then continued in inde-
pendent flight for another day before returning
to Earth in a destructive reentry, but not before
releasing its small Raduga capsule which was
retrieved intact in the designated recovery
region in Russia (References 143, 148-149).
This short French mission to Mir was code-
named Altair and was designed to conduct
biomedical and technical experiments, including
the completion of two experiments started by
Haignere's fellow countryman M. Tognini the
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FIGURE 3.17 MIR COMPLEX ON 3 JULY 1993, TAKEN BY SOYUZ TM-17.
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previous year (Soyuz TM-15). From 3 to 21 July
the five cosmonauts were busily engaged in
scientific studies and the preparation of the
Soyuz TM-16 spacecraft for its return home.
Manakov, Poleshchuk, and Haignere departed
Mir in the early morning of 22 July and safely
landed 140 km east of Dzhezkazgan in
Kazakhstan (References 150-152).

The 14th expedition of Mir by Tsibliyev and
Serebrov was originally planned to last only 147
days and to include three EVAs, but in reality
both measures were increased. In early August
a new Progress M logistics vehicle was being
prepared as work with the long-term Progress
M-17 resident was ending. Progress M-19 was
launched on 10 August, and to make room for it
Progress M-17 was finally undocked on 11
August after a stay of 131 days. However,
instead of being recalled to Earth, Progress M-
17 began a secondary mission of verifying the
reliability of spacecraft systems, with emphasis
on those also common to Soyuz TM spacecraft.
When the International Space Station is
operational, Soyuz TM spacecraft will serve as
Assured Crew Return Vehicles (ACRVs) and
will need design lifetimes of at least one year.
Progress M-17 was maneuvered into an orbit 18
km below Mir on 12 August, the day Progress
M-19 docked with the space station, and was
allowed to decay naturally during the remainder
of the year (References 153-155).

Just as Progress M-17 and Progress M-19
were changing places, the Mir space station
was battered by numerous micrometeoroids
originating from the annual Perseid meteor
shower representing the remnants of Comet
Swift-Tuttle. Tsibliyev and Serebrov retreated to
their Soyuz TM-17 spacecraft and closed the
hatches to permit a quick getaway if the station
was severely damaged. Although a large
number of hits on the station were noted, the
most serious effects appeared to be holes in
some of the solar arrays.

The next noteworthy event on Mir came a
month later when the two cosmonauts
performed a pair of EVAs to erect the Rapana
truss on the Kvant 1 module. Rapana closely
resembled the Sofora girder which was con-
structed in 1991 but was shorter with an exten-
ded length of only 5 m. The 26-kg structure was
designed not only to test additional space con-
struction techniques but also to serve as a site
for future experiments, particularly the exposure
of material samples to the near-Earth space
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environment. During a 4 hr 18 min EVA on 16
September Tsibliyev and Serebrov transferred
the stowed Rapana package to Kvant 1 and
attached it to a base platform. Four days later
the duo returned to erect the truss and to attach
the first experiment cartridges during an EVA
lasting 3 hr 13 min (References 156-160).

After resting for eight days, Tsibliyev and
Serebrov prepared for their third and last
planned EVA. The principal objective of this out-
ing was simply to inspect and to photograph the
exterior of the complex for the purpose of eval-
uating the effects of seven and one-half years in
the harsh space environment. Upon exiting the
Kvant 2 EVA compartment the cosmonauts
attached a new cassette of samples for more
exposure tests and retrieved an older unit. How-
ever, before the inspection of Mir could begin in
earnest Tsibliyev's space suit began to over-
heat. Consequently, the EVA was terminated
after only 1 hr 52 min without accomplishing the
primary task (References 161-162).

October proved to be a significant month for
the Soyuz TM-17 crew. Early in the month
Russian officials announced that the launch of
Soyuz TM-18 had been postponed until
January, 1994, necessitating an extension to
the current mission. The reason given for the
change of plans was a delay in the preparation
of a Soyuz-U2 launch vehicle. Since the next
mission was to involve a three-man crew, use of
the lower capacity, Soyuz-U booster was not a
viable option. Unfortunately, the delay also
meant that plans to keep one of the Soyuz TM-
18 cosmonauts on-board Mir for 16 months had
to be revised to only a 14-month stay
(References 162-164). L

Shortly after hearing the news of their
involuntary extension, Tsibliyev and Serebrov
prepared to receive yet another resupply ship.
Progress M-20, carrying a commercial US
biotechnology experiment, was launched on 11
October and docked at the Kvant 1 aft-port two
days later. Meanwhile, on 12 October Progress
M-19 undocked from that port and returned a
Raduga capsule to Earth about six hours later,
early on 13 October. Back on Mir, the crew was
initiating the newly delivered foreign experi-
ment, which was to be returned in another
Raduga capsule also brought by Progress M-20
(References 165-168).

On 22 October Serebrov set a new world
record for the number of EVAs performed by an
individual by completing his ninth (Table 3.2).




This fourth EVA of the Soyuz TM-17 mission,
coupled with his five EVAs in 1990 during
Soyuz TM-8, gave Serebrov a total of 27 hr 37
min outside Mir. Unexpectedly, however, the
EVA of 22 October lasted only 38 min, allowing
the two cosmonauts only to install a micro-
meteoroid detection experiment and to briefly
photograph portions of Mir's exterior. The EVA
had been scheduled to last more than five
hours. A fifth EVA on 29 October with a duration
of 4 hr 12 min apparently allowed the team to
complete all assigned tasks (References 166,
169-170).

The final two months of 1993 were spent
engaged with routine activities and main-
tenance chores. The Progress M-20 spacecraft
was undocked on 21 November, returning its
Raduga capsule to Earth later that same day.
Inside the capsule were the crystals grown
under microgravity conditions for the US Boeing
company. As the year drew to a close, final
preparations for the start of the delayed Soyuz

TM-18 were underway. Meanwhile, Progress M-
17 continued on its solo flight with a mean
altitude of 294 km on New Year's Eve
(References 171-174).

In other news from the Russian Mir space
station program during 1993, four women
began a six-month-long bed-rest experiment to
study potential countermeasures to microgravity
effects on the human body. Not too long after
the test's conclusion in 1994, a female
cosmonaut was scheduled to be launched to
Mir for a record-setting mission of nearly six
months, by far the longest space flight for any
woman. Also in 1994, Sergei Krikalev was
scheduled to be the first Russian cosmonaut to
fly on board a US Space Shuttle in a prelude to
later Mir-Space Shuttle docking missions. On a
more somber note, Air Force Major and
cosmonaut trainee Sergei Vozovikov drowned
during survival training on 21 July 1993
(References 174-177).

TABLE 3.2 MIR SPACE STATION EVA RECORD, 1986-1994.

YEAR |DATE EVA NO. MISSION COSMONAUTS EVA DURATION [PRIMARY PURPOSE

1987 |11-Apr 1 Soyuz TM-2 Romanenko/Laveykin 3 hr 40 min Kvant 1 docking aid
12-Jun 2 Soyuz TM-2 Romanenko/Laveykin 1 hr 53 min Installation of solar panel
16-Jun 3 Soyuz TM-2 Romanenko/Laveykin 3 hr 15 min Installation of solar panel

1988 [26-Feb 4 Soyuz TM-4 Titov, Manarov 4 hr 25 min Replacement of solar panel; misc tasks
30-Jun 5 Soyuz TM-4 Titov, Manarov 5 hr 10 min Repair of Kvant 1 experiment
20-Oct 6 Soyuz TM-4 Titov, Manarov 4 hr 12 min Repair of Kvant 1 experiment
9-Dec 7 Soyuz T™M-7 Volkov/Chretien (Fr) § hr 57 min Soviet-French construction experiment

1990 |8-Jan 8 Soyuz TM-8 Viktorenko/Serebrov 2 hr 56 min Installation of new star sensors
11-Jan 9 Soyuz TM-8 Viktorenko/Serebrov 2 hr 54 min Replacement of materials experiment
26-Jan 10 Soyuz TM-8 Viktorenko/Serebrov 3 hr 02 min Test of EVA suits and facilities
1-Feb 11 Soyuz TM-8 Viktorenko/Serebrov 4 hr 59 min Test of manned maneuvering unit
5-Feb 12 Soyuz TM-8 Viktorenko/Serebrov 3 hr 46 min Test of manned maneuvering unit
17-dul 13 Soyuz TM-9 Solovyev/Balandin 7 hr 16 min Repair of Soyuz TM thermal blankets
26-Jul 14 Soyuz TM-9 Solovyev/Balandin 3 hr 31 min Repair of Soyuz TM thermal blankets & EVA hatch
29-Oct 15 Soyuz TM-10 Manakov/Strekalov 2 hr 45 min Repair of EVA hatch

1991 7-Jan 16 Soyuz TM-11 Afanasyev/Manarov 5 hr 18 min Repair of EVA hatch
23-Jan 17 Soyuz TM-11 Afanasyev/Manarov 5 hr 33 min Installation of Strela crane
26-Jan 18 Soyuz TM-11 Afanasyev/Manarov 6 hr 20 min Installation of solar panel supports on Kvant 1
25-Apr 198 Soyuz TM-11 Afanasyev/Manarov 3 hr 34 min Inspection of Kvant 1 rendezvous system antenna
24-Jun 20 Soyuz TM-12 Artsebarskiy/Krikalev 4 hr 58 min Repair of Kvant 1 rendezvous system antenna
28-Jun 21 Soyuz TM-12 Artsebarskiy/Krikalev 3 hr 24 min Soviet-US axperiment deployment; misc tasks
15-Jul 22 Soyuz TM-12 Artsebarskiy/Krikalev 5 hr 56 min Construction of Sofora girder
19-Jul 23 Soyuz TM-12 Artsebarskiy/Krikalev 5 hr 28 min Construction of Sofora girder
23-Jul 24 Soyuz TM-12 Artsebarskiy/Krikalev 5 hr 34 min Construction of Sofora girder
27-dul 25 Soyuz TM-12 Artsebarskiy/Krikalev 6 hr 49 min Construction of Sofora girder

1992 |20-Feb 26 Soyuz TM-12/13 |Volkov/Krikalev 4 hr 12 min Deployment of experiments; misc tasks
8-Jul 27 Soyuz TM-14 Viktorenko/Kaleri 2 hr 03 min Maintenance on Kvant 2 gyrodynes
3-Sep 28 Soyuz TM-15 Solovyev/Avdeyev 3 hr 56 min Installation of attitude control unit on Sofora
7-Sep 29 Soyuz TM-15 Solovyev/Avdeyev 5 hr 08 min Installation of attitude control unit on Sofora
11-Sep 30 Soyuz TM-15 Solovyev/Avdeyev 5 hr 44 min Installation of attitude control unit on Sofora
15-Sep 31 Soyuz TM-15 Solovyev/Avdeyev 3 hr 33 min Retrieval of experiment; misc tasks

1993  |19-Apr 32 Soyuz TM-16 Manakov/Poleshchuk 5 hr 25 min Preparation for Kvant 1 solar panel installation
18-Jun 33 Soyuz TM-16 Manakov/Poleshchuk 4 hr 33 min Preparation for Kvant 1 solar panel installation; misc tasks
16-Sep 34 Soyuz TM-17 Tsibliyev/Serebrov 4 hr 18 min Construction of Rapana girder
20-Sep 35 Soyuz TM-17 Tsibliyev/Serebrov 3 hr 13 min Construction of Rapana girder
28-Sep 36 Soyuz TM-17 Tsibliyev/Serebrov 1 hr 52 min Inspection of space station; misc tasks
22-Oct 37 Soyuz TM-17 Tsibliyev/Serebrov 0 hr 38 min Inspection of space station; misc tasks
29-Oct 38 Soyuz TM-17 Tsibliyev/Serebrov 4 hr 12 min Inspection of space station; misc tasks

1994 |9-Sep 39 Soyuz TM-19 Malenchenko/Musabayev 5 hr 04 min Inspection of space station; misc tasks
13-Sep 40 Soyuz TM-19 Malenchenko/Musabayev 6 hr 01 min Preparation for Kvant 1 solar panel instaliation
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3.8.2 1994 Operations
Whereas the Salyut space stations had
been regularly employed in setting new space
endurance records to evaluate the long-term
effects of microgravity on human physiology,
Mir space station missions had typically
reverted to standard 5-6 month flights after the
year-long mission of the third expedition (Soyuz
TM-4) during 1987-1988 (Figure 3.18). In part,
this decision was based on considerable exper-
. ience that the work efficiency of crew members
began a noticeable decline after about six
months in space. One exception to this policy
was Sergei Krikalev's 10-month mission during
1991-1992 which was necessitated by other
- logistical constraints (Reference 178).

The Soyuz TM-18 mission, rescheduled for
launch on 8 January 1994, was designed to at
least partially alter this pragmatic trend to make
further advances in space life sciences.
Comprising the all-Russian 15th expedition to
Mir were Commander Col. Viktor Afanasyev (a
veteran of Soyuz TM-11), Flight Engineer Yuri
Usachev (a rookie cosmonaut), and Cosmonaut

Researcher Dr. Valeri Polyakov (a veteran of
Soyuz TM-6/4/7). Although Afanasyev and
Usachov were due to be relieved after a normal
six-month tour of duty, Polyakov, a medical
doctor, was to remain on board for more than
14 months, establishing a new world record for
continuous time in space. Moreover, with
previous flight experience, Polyakov would
have nearly 23 months cumulative space
station habitation - another world record.
Russian officials linked this new biomedical
experiment with the eventual preparations for a
manned mission to Mars (References 179-182).

Lift-off of Soyuz TM-18 from the Baikonur
Cosmodrome occurred as planned on 8
January, and the spacecraft successfully
docked at the vacant Kvant 1 aft port (Progress
M-20 had departed on 21 November 1993) two
days later. In a record turnaround, the Soyuz
TM-17 crew departed Mir in their own
spacecraft less than four days later on 14
January (Reference 183).

Prior to de-orbiting, Tsibliyev and Serebrov
had one more task to perform: maneuver their
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FIGURE 3.18 HISTORY OF MIR SPACE STATION EXPEDITIONS.
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spacecraft from Mir's forward port to the Kristall
forward APAS docking port and photograph a
target to be used later during the Mir-Space
Shuttle missions. At a distance of 45 m from
Mir, Tsibliyev took manual control of Soyuz TM-
17 and began his approach to Kristall while
Serebrov prepared to take the requested photos
from the vantage point of the ship’s orbital
module. Tsibliyev quickly realized that the
spacecraft was not responding properly to his
inputs and tried to avoid a collision with the
complex. However, Soyuz TM-17 did bump into
Kristall about 1.5 m behind the docking port,
where fortunately, no external equipment was
located. The impact was slight - the Soyuz TM-
18 crew apparently did not feel it - but Mir's
attitude control system was upset, and the sta-
tion began to drift slowly. In turn, this reportedly
broke the communications link with a Luch data
relay satellite, aggravating an already tense
situation in the TsUP (References 184-188).

The Soyuz TM-17 spacecraft was
undamaged, and the crew was able to land
safely less than four hours after the incident in a
region 215 km west of Karaganda in
Kazakhstan. A probe into the mishap found that
a switch for the aft thruster was in standby
mode rather than active. Reviews of the overall
Soyuz TM-17 mission in January and February
were positive but highlighted the substantial
demand for maintenance on the aging space
station. Despite a count of at least 240 micro-
meteoroid impacts during the August, 1993,
Perseid meteor shower, Mir was judged to be in
good shape and capable of several more years
of operations (References 189-190).

Before the next Progress M spacecraft was
launched, the Soyuz TM-18 crew was instructed
to move their ferry spacecraft from the Kvant 1
aft port to the Mir forward port. In the process
they were also to inspect the area on Kristall
where Soyuz TM-17 had struck. The Soyuz TM-
18 fly-around was accomplished on 24 January,
and only a few scratches were found on Kristall,
The entire maneuver and inspection took less
than two hours. Two days later Progress M-21
was launched, arriving at Mir on 30 January
(Figure 3.19). During January officials also
announced that the satellite tracking, telemetry,
and control complex in Yevpatoriya, Ukraine,
was once again supporting the Mir program
after an absence of more than one year
(References 191-195).
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FIGURE 3.19 MIR SPACE STATION
CONFIGURATION, JANUARY, 1994.

The next two months passed uneventfully.
A minor celebration was held on 20 February,
the eighth anniversary (Moscow time) of the
launch of the Mir space station. On 3 March the
flight of Progress M-17 finally came to an end
with a destructive reentry into the atmosphere.
Its propulsion system was tested one last time
on 2 March after spending 11 months in space.
Meanwhile, at the Baikonur Cosmodrome
difficulties were being encountered, first with a
fire on 7 March near Progress M-22, which was
undergoing tests before mating to its booster,
and then due to heavy snows (drifts up to six
meters high) which delayed the launch of
Progress M-22 by three days (References 196-
197). :
The new cargo spaceship eventually was
launched on 22 March and guided along a
normal 50-hour rendezvous profile. Its
predecessor, Progress M-21 was undocked
from the Mir complex on 23 March and then
commanded to reenter the atmosphere the
same day. Progress M-22 arrived at the space
station on 24 March and docked with Kvant 1
without incident (Reference 198).

During the last week of March Afanasyeyv,
Usachev, -and Polyakov conducted a series of
geophysical experiments, which reportedly
included the injection of an electron beam along
the geomagnetic field lines with the hope that
the Swedish Freja satellite hundreds of
kilometers away would detect it. April and May




were spent carrying out numerous scientific
investigations in Earth observation, materials
and life sciences, geophysics, and astro-
physics. In mid-May, as the Progress M-22
mission was winding down, the automated
vehicle used its propulsion system to push the
orbital laboratory to its highest altitude of the
1993-1994 period (Figure 3.16). One week later
on 23 May Progress M-22 was undocked and
destroyed during reentry, following the launch of
its successor the previous day. Progress M-23,
the last logistics flight for the Soyuz TM-18
mission docked at the Kvant 1 aft port on 24
May, carrying the usual supplies as well as the
first Raduga recovery capsule of the year
(References 201-202).

The next manned expedition to Mir had
been scheduled to lift-off on 20 June, but
several problems, including acceptance of the
Soyuz-U2 payload fairing, delayed the launch
until 1 July. Soyuz TM-19 was a joint Russian-
Kazakh endeavor with a scientific program
continuing some of the investigations begun by
Kazakh cosmonaut Aubakirov during Soyuz
TM-13 in 1991. Commanding Soyuz TM-19 was
Yuri Malenchenko accompanied by Flight
Engineer Talgat Musabayev from Kazakhstan.
Both men were making their first flights into
space (References 203-209).

In accordance with the pattern established
during the first half of 1994, Soyuz TM-19 was
launched on 1 July, followed by the undocking
of Progress M-23 on 2 July and the docking of
Soyuz TM-19 on 3 July. This time, however, the
departing Progress M spacecraft carried a
Raduga capsule which was recovered 75 km
northeast of Orsk, just north of the Kazakhstan
border in the Russian Federation. For nearly six
days the five cosmonauts worked together on
board Mir until 9 July when Afanasyev and
Usachev returned to Earth in Soyuz TM-18,
leaving Polyakov with the new replacement
crew (References 210-212).

Nearly seven weeks passed before the first
and only Progress M flight of the Soyuz TM-19
mission commenced. Launch occurred on 25
August with a docking at the Mir forward port
scheduled for 27 August. In what had become a
routine procedure Progress M-24 approached
the station nominally at a very slow relative
velocity. However, at a distance of 150 m the
automatic control system switched off and the
docking attempt was aborted. This was the first
such incident since a rash of initial docking
failures during 1991-1992. Progress M-7 had
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failed twice and Progress M-10 and M-13 had
each failed once to dock with the space station,
but in all cases the vehicles were ultimately
successful in linking up with Mir (Reference
213-214).

A second attempt at docking was
undertaken on 30 August. Again, the automatic
approach was accomplished successfully until
an on-board safety system'terminated the
procedure at a distance of 150 m. Although the
safety systems prevented a serious collision
between the cargo ship and the space station,
Progress M-24 apparently bumped the station
on this last try. Concern was also growing both
on Mir and at the TsUP about the ability to
continue the Soyuz TM-19 mission if Progress
M-24 could not be saved. On 2 September a
third try was planned, but this time
Malenchenko would control Progress M-24
manually using the equipment which had been
twice tested for this purpose in early 1993
(Progress M-15 and M-16). Malenchenko
completed his assignment, linking the
spacecraft with Mir in a textbook exercise
(References 214-217).

One week after the successful docking,
Malenchenko and Musabayev performed the
first of two planned EVAs. The 9 September
outing involved not only a series of programmed
tasks, including the placement of new material
samples for space exposure tests, but also a
quick inspection of Mir where Progress M-24
had bumped it on 30 August. The latter survey
found no significant damage. The two
cosmonauts concluded their EVA after 5 hr 4
min. The second EVA on 13 September lasted
6 hr 1 min and concentrated on chores outside
the Kvant 1 module, working on the solar array
drives, inspecting the Sofora girder, and
retrieving experiment samples from the Rapana
truss (References 214, 218-221).

With the excitement of the Progress M-24
problems and the EVAs behind, the three Mir
cosmonauts returned to their normal duties and
prepared for the arrival of the next crew in early
October. Soyuz TM-20 would mark the first
Russian-ESA mission, code-named Euromir 94,
and would last a full month. Consequently, the
modest Mir space station was to be home for
six cosmonauts for an extended period, testing
both station resources and crew temperaments.

Soyuz TM-20 (Figure 3.20) was launched
on 3 October (4 October, Moscow time, the 37th
anniversary of the launching of Sputnik 1) with a
crew of three: Commander Aleksandr




Viktorenko, Flight Engineer Yelena Kondakova,
and Cosmonaut Researcher Ulf Merbold of
ESA. Viktorenko was making his fourth flight in
space, while rookie cosmonaut Konakova was
seeking to set an endurance record for a
woman in space. The German Merbold was on
his third space flight, having served with the
crews of STS-9 and STS-42 (References 222-
224).

While Soyuz TM-20 was enroute to Mir, the
troublesome Progress M-24 was released and
allowed to be destroyed during reentry on 4
October. The Soyuz TM-20 spacecraft replaced
it at the Mir forward port very early on 6
October, under the manual control of
Viktorenko. An automatic docking had been
planned, but, like the Progress M-24, Soyuz
TM-20 veered from its intended course as it
closed within 150 m. Viktorenko quickly
assumed command and with Kondakova’'s
assistance completed the docking only six min-
utes behind schedule (References 224-226).

The 30-day Euromir 94 mission began a
little more than one year after four ESA
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astronauts reported to the Yuri Gagarin
Cosmonaut Training Center at Star City outside
Moscow. Merbold was selected for the prime
Soyuz TM-20 crew while Pedro Duque prepared
as his backup. Meanwhile, Thomas Reiter of
Germany and Christer Fuglesang began
training for the even more ambitious, 135-day
Euromir 95 mission. More than 30 life science,
materials science, and general technology
experiments were included in the busy Euromir
94 flight plan, ranging from the measurement of
the thickness and tensile strength of skin tissue
in space to investigating the behavior of
composite materials during melting and
solidification. Simultaneously, other members of
the enlarged Mir crew were engaged in regular
Russian experiments and space station
maintenance tasks (References 224, 227-236).

The Euromir 94 program was largely
successful but serious problems arose by the
end of the first week. On the evening of 11
October an electrical power shortage caused a
shutdown in the station’s attitude control and
navigation systems as the environmental con-
trol system was working at capacity to support
the six cosmonauts. The former problem further
aggravated the situation since Mir's solar arrays
were no longer oriented to permit maximum
power generation. Gradually the electrical
power system was restored, in part by replacing
several storage batteries, and by 18 October
the crisis had passed. However, during much of
this period the flight plan had to be revised,
temporarily deferring experiments which con-
sumed significant electrical power (References
237-243).

Another problem, which was not so amen-
able to a rapid solution, was a malfunctioning
electric furnace which was to be used for
materials science experiments. The furnace had
actually broken prior to the start of Euromir 94,
and replacement parts had been sent via
Progress M-24. However, the device could not
be fixed, causing ESA officials to request the
experiments be completed by the cosmonauts
remaining on board Mir after the conclusion of
the Euromir 94 flight (References 244-245).

Mir mission managers, concerned about
three successive automatic docking failures
with Mir decided to add a new task to the
Euromir 94 agenda. On 2 November
Malenchenko, Musabayev, and Merbold
entered the Soyuz TM-19 spacecraft, undocked
from Kvant 1, and pulled away from the orbital
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TABLE 3.3 MIR SPACE STATION LOGISTICAL SUMMARY, 1993-1994.

DOCKING UNDQCKING SPACE STATION TOTAL
SPACECRAFT DATE DATE PORT STAY COMMENTS
Soyuz TM-15 29 Jul 92 01 Feb 93  |Mir, forward 187 days Brought crew of Solovyev, Avdeyev, and Tognini;
Returned with crew of Solovyev and Avdeyev
Progress M-15 29 Oct 92 04 Feb 93  |Kvant 1, aft 97 days Brought MAK-2 which was released 20 Nov 92 and the
Banner experiment which was deployed 04 Feb 93
Soyuz TM-16 26 Jan 93 22 Jul 93 Kristall, forward 177 days Brought crew of Manakov and Poleshchuk;
Returned with crew of Manakov, Poleshchuk, and Haignere
Progress M-16 23 Feb 93 26 Mar 93  [Kvant 1, aft 31 days Undocked and redocked 26 Mar 93 to test remote control
26 Mar 93 27 Mar 93 rendezvous and docking technique
Progress M-17 02 Apr 93 11 Aug 93 |Kvant 1, aft 131 days Conducted subsequent independent, long duration mission until
3 Mar 94 when natural decay was completed
Progress M-18 24 May 93 03 Jul 93 Mir, forward 40 days First time two Progress vehicles docked at Mir simultaneously;
Raduga capsule was retumned 04 Jul 93
Soyuz TM-17 03 Ju! 93 14 Jan 94 Mir, forward 195 days Brought crew of Tsibliyev, Serebrov, and Haignere;
Returned with crew of Tsibliyev and Serebrov
Progress M-19 12 Aug 93 12 Oct 93  |Kvant 1, aft 62 days Raduga capsule was returned 13 Oct 93
Progress M-20 13 Oct 93 21 Nov 93  |Kvant 1, aft 38 days Raduga capsule was retumed 21 Nov 93
Soyuz TM-18 10 Jan 94 24 Jan 94 Kvant 1, aft 180 days Brought crew of Afanasyev, Usachev, and Polyakov;
24 Jan 94 09 Jul 94 Mir, forward Returned with crew of Afanasyev and Usachev
Progress M-21 30 Jan 94 23 Mar 94  |Kvant 1, aft 52 days
Progress M-22 24 Mar 94 23 May 94  [Kvant 1, aft 60 days
Progress M-23 24 May 94 02 Jul 94 Kvant 1, aft 39 days Raduga capsule was returned 02 Jul 94
Soyuz TM-19 03 Jul 94 02 Nov 94  |Kvant 1, aft 124 days Brought crew of Malenchenko and Musabayev;
02 Nov 94 04 Nov 94  |Kvant 1, aft Returmed with crew of Malenchenko, Musabayev, and Merbold;
Undocked and redocked on 02 Nov 94 to test rendezvous system
Progress M-24 02 Sep 94 04 Oct 94  |Mir, forward 32 days Failed to dock on both 27 and 30 Aug 94
Soyuz TM-20 06 Oct 94 22 Mar 95 Mir, forward 167 days Brought crew of Viktorenko, Kondakova, and Merbold;
Returned with crew of Viktorenko, Kondakova, and Polyakov
Progress M-25 13 Nov 94 16 Feb 95  |Kvant 1, aft 95 days ’

complex. Although the three docking failures
had been with the Mir forward port, Soyuz TM-
19 was to verify that a system-level fault had not
arisen in the Kurs rendezvous system. In the
event a redocking was not possible, Soyuz TM-
19 had already been loaded with the materials
selected for return to Earth, and the crew could
come home immediately. At a distance of 190 m
the Kurs automatic mode was engaged,
followed by a perfect approach and docking.
The time from undocking to redocking was only
35 minutes (References 246-250).

The need for this additional test led to a
final change in the Euromir 94 schedule. The
return home of Malenchenko, Musabayev, and
Merbold was delayed one day until 4
November. The trinational crew exited the Mir
space station for the last time on the morning of
4 November and touched down northeast of
Arkalyk in Kazakhstan less than four hours
later. The landing was described as rough with
strong winds causing the Soyuz TM-19 descent
capsule to stray 9 km from its intended site and
to bounce once before coming to rest. The
cosmonauts, however, were unharmed and
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were honored to be greeted by Nursultan
Nazerbayev, President of Kazakhstan
(References 246 and 251).

A more normal daily routine returned to Mir
with the crew once again reduced to three
cosmonauts: Viktorenko, Kondakova, and
Polyakov. One week after the departure of the
Soyuz TM-19 spacecraft, Progress M-25, the
last mission to Mir in 1994, was launched. To
the relief of both the Mir crew and the TsUP, the
cargo ship docked without incident on 13
November with the Kvant 1 aft port in the
automatic regime. The supplies on board would
have to sustain the 17th Mir expedition until
February, 1995, when the next Progress M
vehicle was scheduled to arrive (References
252-253).

At the beginning of 1994 the long-term
program for the Mir space station called for the
oft-delayed launch of the large Spektr module
on 27 November, followed by a docking with the
complex in December. To prepare for its arrival,
two of the Mir cosmonauts were to perform
EVAs in November to transfer the Kristall solar
arrays to the Kvant 1 module. All of these plans




were abandoned when integration and testing
of Spektr fell behind schedule, ultimately post-
poning the launch until the Spring of 1995
(Reference 254).

The remainder of 1994 passed uneventfully
on Mir, which completed its 50,000th revolution
about the Earth on 17 November. By the end of
the year Kondakova had shattered the endur-
ance record for a woman in space, and
Polyakov was rapidly closing in on the mark for
male cosmonauts. With his previous flight
experience, Polyakov had already set the
record for the most time in space by a human.

During 1994 the cosmonaut corps was
sharply reduced due to financial difficulties and
the limited number of missions planned through
the end of the decade. The three principal
detachments remaining were representatives of
the Russian Air Force (17), RKK Energiya (12),
and the Institute of Biomedical Problems (2).
Only two women were specifically identified as
still active: Yelena Kondakova, who flew for the
first time in 1994, and Nadezhda Kuzhelnaya,
who was still waiting for her first assignment.

SPEKTR

13

However, the interest in long-term flights by
women appeared high as evidenced both by the
mission of Kondakova and a new four-month
(February-June) hypokinesia experiment with
eight female volunteers. The Institute of
Biomedical Problems also conducted a 135-
day-long isolation experiment with three sub-
jects in preparation for the Euromir 95 mission.
Finally, in early 1994 the former USSR Unified
State Aviation Search and Rescue Service,
which is responsible for the recovery of
cosmonauts during launch aborts or reentries,
was reorganized as the Russian Federation
Aerospace Search and Rescue Service, even
as Kazakhstan was trying to restrict their
training exercises and imposing new controls on
actual cosmonaut recoveries in Kazakhstan
(References 255-262).

3.8.3 Future Plans

The decision in 1993 by the Russian
Federation to join the International Space
Station program had profound effects on both
the near-term and long-term plans and objec-
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tives of the Russian man-in-space program.
The first phase of the ISS program actually
involves eight Mir-US Space Shuttle missions,
of which seven call for dockings between the
two massive objects. Following a Mir-Space
Shuttle rendezvous and close fly-by in early
1995, the first two dockings were scheduled for
the same year. The year 1995 was also to wit-
ness the dockings of the Spektr and Priroda
modules (Figure 3.21) to the Mir complex,
completing the assembly begun nearly 10 years
earlier (Figure 3.22).

Three new expeditions to Mir were mani-
fested for 1995, including a 3-month visit by the
first American to visit Mir and the 4.5-month
Euromir 95 mission. Late in the year a US
Space Shuttle would deliver a new docking
module which would be attached permanently
to the Kristall module, in part, to provide addi-
tional clearance between the Space Shuttle and
the Mir complex (Figures 3.23 and 3.24). US
and Russian spacecraft engineers were also
planning on taking advantage of this opportunity
to deliver two more large solar arrays (one
Russian and one American) to augment the Mir
electrical power generation system.

Tentatively, 1996 and 1997 would mark the
last years of Mir habitation. Two or three flights
annually were envisioned, including new
bilateral missions with the US and France.
Requests by Japan and PRC for visits to Mir by
their own astronauts were unlikely to be granted
due to the increasingly packed schedule. With
the launch of the first element of the 1SS
scheduled for November, 1997, followed by the
first Russian-led manned mission the following
Spring, the Mir space station was expected to
be abandoned in late 1997 or 1998. However,
the orbital laboratory might be allowed to
continue on for a year or more to serve as a
technology testbed. By the end of the decade,
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the nearly 150-metric-ton space station was due
to be deorbited over a broad ocean area to
prevent any potential reentry hazards, as in the
case of Skylab and Salyut 7.

Although plans for a Mir 2 space station had
been abandoned, the principal components of
this concept had been integrated into the late-
1993 redesign of ISS. As indicated in Table 3.1,
Russian-produced elements will account for
approximately 150 metric tons of the 420
metric-ton complex as envisioned at assembly
completion in 2002. Moreover, the Russian
Federation will be responsible for unmanned
logistical resupply missions and for the Assured
Crew Return Vehicles (ACRVs). To support the
former requirement, a Progress M2 spacecraft,
which will be launched by a Ukrainian Zenit
booster, is under development. The 13-m-long
Progress M2 will have a cargo capacity of
nearly five metric tons and will be capable of
staying with ISS for up to six months. The ISS
ACRVs will be derived from the current Soyuz
TM spacecraft.

UKRAINE

Although 15 Ukrainian-born cosmonauts
have flown in space between 1962 and 1994,
the new National Space Agency of Ukraine, un-
like Kazakhstan, has not sponsored national
manned space missions. To date all Ukrainian
cosmonauts have represented either the former
Soviet Union or the Russian Ministry of
Defense. Due primarily to fiscal constraints this
situation will likely remain unchanged through
the end of the decade. However, Ukraine will
serve a vital commercial role in the ISS program
as the vendor of the Zenit-2 launch vehicle
which will carry most of the Russian permanent
elements as well as the Progress M2 logistics
spacecraft.

3.9
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SPACE SHUTTLE ATLANTIS
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SPACE STATION MIR

26 Nov 1989
19,5685 kg
13.73mx4.35m

@\ KVANT-2 EXTENSION MODULE - 77KSD

KRYSTALL TECHNOLOGY MODULE - 77KST
31 May 1980
19,640 kg (11,270 kg payload)
1273 mx436m

Orbital Module
Descent Module (2835 kg)
instrument Module {3057 kq)
Spacecraft {7170 kg)
8.98 m x 2.72 m, 10.6 m Acroas Solar Arrays

(1278 kg)

MIR CORE MODULE - 17KS
20 Feb 1988

2, KVANT-1 ASTROPHYSICS MODULE - 37KE
30 March 1987

63mx4.35m

11,000 kg

PRIRODA ECOLOGY RESEARCH MODULE - 77KSI
23 Apr 1986

19,700 kg
120mx4.35m
66cum

PROGRESS RESUPPLY TRANSPORT
Payload (2400 kg)
Spacecraft {7320 kg)
7.23 m x 2.72 m, 10.6 m Acroas Solar Arrays

Modules shown rotated
180° for clarity

SPEKTR GEOPHYSICAL MODULE - 77KSO
23 May 1995 D. R. WOODS 1996

19,340 m ALL RIGHTS RESERVED

144mx436m
62cum

FIGURE 3.22 COMPLETED MIR SPACE STATION.
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1. Kurs Rendezvous Antenna

2. Auxiliary Solar Array (340 kg) 10.6 m
3. Module Control Consoles

4. Meal And Work Table

5. Cooking Elements

6. Personal Sleeping Compartment (2)

1. lgla Rendezvous Antenna

2. Kurs Rendezvous Antenna

3. Sluice Airlock Chamber on Glazar UV Telescope
4. MKF-6 Multi Spectral Camera

5. Attitude Control Star Sensor (2) 80 kglea

6. Visual Measurement And Photographic Device
7. Medule Control Consoles

1. Orlan-DMA EVA Space Suit With 50 m Umbilical
2. KAP-350 Topography Photo Camera

3. MKF-6MA Multi-Spectral Camera (6 Bands)

4. Control Panel

5. NiCd Electrical Storage Batteries

6. Volna-2 Capillary Action Fuel Development Unit
7. Liquid And Waste Management System

8. Module Control Consoles

9. Incubator-2 Biotechnical Complex

10. Section Separation Hatch

11. Ryabina-2 Celestial Radiation Source Detector

MIR CORE MODULE - 17KS

7. Igla Rendezvous Antenna
8. SDRN Luch Satellite Antenna (11/14 GHz2)
9. Maneuvering Thruster (2) 300 kgf/ea
10. Igla Rendezvous Antenna
11. Attitude Control Thrusters - 6 Clusters
32 Thrusters (total) 14 kgf/ea

12. Exercise Treadmill

13. Veloergmeter Bicycle Exerciser

14. 50 Liter Refrigerator

15. Nine Panel Solar Array (2) 29.73 m Span
16. Salyut-5B/Argon-16B Control Computers
17. Lyappa Module Rotation Socket

KVANT-1 ASTROPHYSICS MODULE - 37KE

8. Sofora Truss (14.5x 1.5 x 1.5 m) With
VDU Roll Control Thruster Complex (700 kg)
9. Rapana Truss (26 kg) 5m
10. Phoswich X-Ray Spectrometer 15-200 kev
11. GSPC - Gas Scintillation Proportional
Counter Spectrometer 2-100 kev
12. Sirene-2 High Pressure Gas Scintillation
Proportional Spectrometer 2-100 kev

KVANT-2 EXTENSION MODULE - 77KSD

13. VEP-3 And VEP-4 Solar Arrays 24.13 m Span
14. Thermal Radiator (2)
15. Attitude Contro! Thrusters (4 Clusters)
- 5 Approach Thrusters (40 kgf/ea)
- 4 Stabilization Thrusters (1.5 kgf/ea)
16. Thermal Shield Over Propellent Tank
17. Course Correction And Rendezvous
Thruster (2) 415 kgflea
18. Attitude Control Star Sensors (2)
19. Kub Kontur Command Antenna
20. Kurs Rendezvous Antenna

12. Phasa AFM-2 Near Earth Atmosphere Telescope 21. Propellent Tank (4) 600 kg

1. Marina-2 Thermal Cover
2. TSB Thermostat
3. Glazar-2 Housing
4. Krater-B Electric Furnace - Gallium Arsenide
5. Optizon-1 Electric Furnace - Silicon
6. Electric Cruciblefess Furnaces - Metal Melt
- Zona-02
- Zona-03
7. Course Correction And Rendezvous
Thruster (2) 415 kgffea
8. Earth Horizon Attitude Control IR Sensors (2)
9. Helium Pressurization Tanks (6)
10. Kurs Rendezvous Antenna
11. Maria-2 Spectrometer

1. Attitude Control Thrusters

2. Thermal Radiators (2)

3. Astra-2 Atmospheric Trace Element Sensor
4. Seven Segment Primary Solar Array (2)

S. Attitude Control Thrusters

6. Ryabina-4P Cosmic Radiation Sensor

7. Miras Atmospheric Spectrometer

12. Svet Botanical Research Complex

13. Section Separation Hatch

14. Rodnik Water Supply (2)

15. Glazar-2 UV Telescope

16. Ksenia

17. Marina Spectrometer

18. APAS-89 Docking Port

19. TUB Thermostat

20.B16M (2)

21. Ainur Electrophoretic Complex

22. ChSK-1 Crystalizer

23. Priroda-5 High Resclution Cameras (2)
- SA-20M-1
- SA-20-11

13. TTM Coded Mask Telescope 2-30 kev 60 kg
14, Pulsar X-Ray Spectrometer
Telescope (5) 20-800 kev
15. MSB-2 And MSB-4 Extendable Solar
Arrays (2) From Krystall (250 kg/ea)
7.5 m Span

22. Gyrodyne Control Moment Units (3) 490 kg
23. Rodnik Water Supply (2)

300 liter / 420 kg ea
24. EVA Repressurization Air Supply (4) 28 kg
25. Attitude Control Star Sensors (3)
26. ASPG-M Gimballed Platform (110 kg)

- MKS-M2 Optical Spectrometer

-ITS-7D IR Spectrometer

- ARIZ X-Ray Sensor

- Gamma-2 Video Spectropolarimeter
27. EVA Hatch (1 m dia)

KRYSTALL TECHNOLOGY MODULE - 77KST

24. Space Shuttle Docking Module - 316GK
4085kg 475x2.22m

25. Thruster Plume Shield

26. Granat Spectrometer

27. Solar Array Mount )
(Arrays Transfered To Kvant-1

28. Therma! Radiators (2)

29. Attitude Control Thrusters

30. Solar Attitude Sensor (4 Sets)

SPEKTR GEOPHYSICAL MODULE - 77KSO

8. Eight Segment Auxillary Solar Array (2)

9. Kurs Rendezvous Antenna

10. Course Correction And Rendezvous
Thruster (2) 415 kgffea

11, Taurus / Grif-1 X-Ray / Gamma Ray
Induced Radiation Sensor

12. Attitude Control Solar Sensors (4 Sets)

13. Pelican Manipulator Arm

14. Komza Interstellar Gas Sensor
15. Phasa Telespectrometer

16. Phoenix IR Spectrometer

17. Sluice Airlock Chamber

18. Astra View Port

19, Priroda Cameras (2)

PRIRODA INTERNATIONAL ECOLOGY RESEARCH MODULE - 77KS!

1. MOM-02P Earth Imager

2. KUB Kontur Command Antenna

3. Kurs Rendezvous Antenna

4. IKAR-N: RP-600 Microwave Radiometer (Fixed)

5. Canopus Equipment

6. Marina-2 Radiometer

7. IKAR-D: R-30, R-80, R-135, R-225P
Microwave Radiometer (Scanning)

8. Ozone-M Spectrometer

9. DK-35 Photometer

10. DOP|

11. ISTOK-1 Microwave Radiometer

12. MSU-5K Multi Spectral Scanner

13. Greben Ocean Radar Altimeter

14. MOZ-Obzor Multi Zonal Spectrometer

15. IKAR-D: R-400 Microwave
Radiometer (Scanning)
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16. Travers Synthetic Aperature
Mapping Radar

17. Alisa Aerosol Lidar Ocean Altimeter

18. IKAR-D: RP-225 Microwave
Radiometer (Scanning)

19. Delta-ZP Multi Channel
Scanning Radiometer

20. Meteor/Thermal Shield Over
Propellent Tank (4)
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4.0 EARTH APPLICATIONS PROGRAMS

The overwhelming majority of operational
satellites are devoted to Earth applications pro-
grams in the fields of communications, naviga-
tion, geodesy, Earth observation and remote
sensing, and materials science. By their very
nature, these missions may be sponsored by
civil, military, or government agencies or may
support multiple users. Earth applications
spacecraft may range in mass from 50 kg to
nearly 20,000 kg and may be short-lived in
orbits as low as 150 km or may be operational

-for ten years or more in orbits as high as 36,000
km. Perhaps more importantly, Earth applica-
tions satellites are operated by more nations
and international organizations than any other
class of spacecraft.

COMMUNICATIONS

Space-based communications systems
continue to represent the major area of satellite
applications for all Eurasian countries. For
many non-launching countries, communications
satellites constitute their only national space
systems. Globally, more than half of all opera-
tional spacecraft are devoted to telecommuni-
cations. Of the 124 European and Asian space
launch attempts conducted during 1993-1994,
more than one-third carried at least one com-
munications spacecraft for either domestic or
commercial purposes. The vast majority of
these spacecraft are placed in geosynchronous
orbits, and by the end of 1994 a total of 123
GEO communications spacecraft were in ser-
vice for European and Asian operators (Table
4.1).

41

4.1.1 European Space Agency
Telecommunications not only was the sub-
ject of ESA’s first Earth applications satellite
program but also has remained a high priority of
the organization. Although only a few ESA GEO
communications satellites were operational dur-
ing 1993-1994, the influence of ESA has been
far greater due to the transfer of spacecraft to
the fledgling EUTELSAT and INMARSAT pro-
grams. Throughout its history ESA has focused
on communications technology development
rather than network operations. One of the
agency’s three major satellite engineering pro-
grams is the Data Relay Satellite (DRS) sched-
uled for launch near the end of this decade.
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The Orbital Test Satellite (OTS) program
was inherited by ESA in 1975 from its predeces-
sor, the European Space Research Organiza-
tion (ESRO). Two of the experimental space-
craft were built, but the first vehicle was lost
during a Delta launch failure in 1977. The fol-
lowing year OTS-2 became one of the first GEO
communications satellite to carry six Ku-band
(14/11 GHz) transponders and was capable of
handling 7,200 telephone circuits. With a mass
of approximately 445 kg on station, the OTS-2
bus was hexagonal with overall dimensions of
2.4 m by 2.1 m. Two solar panels with a span of
9.3 m provided 0.6 kW of electrical power. Brit-
ish Aerospace was the prime contractor from
the European MESH consortium which devel-
oped the OTS vehicle. OTS-2 completed its pri-
mary mission in 1984 after which the spacecraft
was involved in a 6-year program of experi-
ments, including the testing of a new attitude
control technique taking advantage of solar
wind forces. in January, 1991, OTS-2 was
moved out of the geostationary ring and into a
graveyard orbit (Reference 1).

Based on the OTS experience, ESA devel-
oped and launched the European Communica-
tions Satellite (ECS) and the Maritime ECS
(MARECS) in the early 1980’s. These assets
were later transferred or leased to the EUTEL-
SAT and INMARSAT organizations, respec-
tively. In all, six satellites of this class were suc-
cessfully launched under sponsorship of ESA
during the period 1981-1988, and at the end of
1994 five were still in active or reserve status.

MARECS spacecraft are roughly 0.55 met-
ric tons on-station and have a design life of 7
years, although both deployed MARECS vehi-
cles have exceeded that goal. The primary pay-
load consists of 6/4 GHz and 1.6/1.5 GHz tran-
sponders for fixed and mobile users,
respectively. Only three MARECS spacecraft
were built, and the second, MARECS B1, was
lost in a launch accident in 1982.

At the end of 1994 MARECS A was no
longer in service but was the subject of mobile
communications testing near 22.5° E. (Refer-
ence 2). MARECS B2 continues to support
INMARSAT from its location at 15.2° W (Atlantic
Ocean East region). :

ESA’s Olympus communications technol-
ogy test bed (formerly known as L-Sat) was



TABLE 4.1 GEOSYNCHRONOUS COMMUNICATIONS SATELLITES.

COUNTRY/ SPACE YEAR OF 1993-1994 OPERATIONAL
ORGANIZATION SYSTEM DEBUT MISSIONS (1) SATELLITES (2)

ESA MARECS ~ 1981 0 2
EUTELSAT EUTELSAT 1 1983 0 3
EUTELSAT 2 1990 1 4
FRANCE TOF 1988 0 2
TELECOM 1 1984 0 1
TELECOM 2 1991 0 2
GERMANY DFS 1989 0 3
TV-SAT 1987 0 1
HONG KONG APSTAR 1994 1 1
ASIASAT 1990 0 1
INDIA INSAT 1 1982 0 1
INSAT 2 1992 1 2
INDONESIA PALAPA B 1983 0 4
INMARSAT INMARSAT 2 1990 0 4
INTELSAT INTELSAT 5 1980 0 7
INTELSAT 5A 1985 0 5
INTELSAT 6 1989 0 5
INTELSAT 7 1993 3 3
INTELSAT K 1992 0 1
ITALY ITALSAT 1991 0 1
JAPAN BS-3 1990 1 3
cs3 1988 0 2
ETS 1987 1 1
JCSAT 1989 0 2
SUPERBIFD 1992 0 2
LUXEMBOURG ASTRA 1 1988 2 4
NATO NATO 3 1976 0 1

NATO 4 1991 1 2
NORWAY THOR (3) 1992 0 1
PRC CHINA SAT (4) 1993 1 1
DFH-2 1988 0 3
DFH-3 1994 1 0
RUSSIAN FEDERATION EKRAN 1976 0 2
EXPRESS 1994 1 1
GALS 1994 1 1

GORIZONT (5) 1978 4 13
LUCH 1985 1 2
POTOK 1982 1 4

RADUGA 1975 4 10
. RADUGA 1 1989 1 3
SAUDI ARABIA ARABSAT 1 1985 0 2
SPAIN HISPASAT 1 1992 1 2
SWEDEN SIRIUS (6) 1994 1 1
TELE-X 1989 0 1
THAILAND THAICOM 1993 2 2
TURKEY TURKSAT 1 1994 2 1
UNITED KINGDOM SKYNET 4 1990 0 3

TOTAL 32 123

(1) Includes launch faitures
) As of 31 December 1994
)} Satellite launched as Marcopolo 2 in 1990
(4) Satellite launched as Spacenet 1 in 1984
)
)
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Includes Gorizonts 17, 29, and 30 operated by Rimsat, Ltd, under a lease from Tonga
Satellite launched as Marcopolo 1 in 1989




TABLE 4.2 PRINCIPAL EURASIAN GEO COMMUNICATIONS SPACECRAFT, 1 JANUARY 1995.

DEGE |SPACECRAFT OPERATOR DEGE |SPACECRAFT OPERATOR
3.0 |TELECOM1C FRANCE 71.0 |GALS1 RUSSIA
5.0 |TELEX SWEDEN 74.0 |INSAT 2A INDIA
5.4 |SRUS SWEDEN 78.5 |THAICOM 2 THAILAND
6.0 NATO 4B NATO 78.5 |THAICOM 1 THAILAND
7.0 EUTELSAT 2 F4 EUTELSAT 80.0 |GORIZONT 24 RUSSIA

10.0 |(EUTELSAT2F2 EUTELSAT 80.0 |KOSMOS 2085 RUSSIA
12.0 [RADUGA 22 RUSSIA 80.0 |KOSMOS 2291 RUSSIA
12.0 |[RADUGA?29 RUSSIA 83.0 |INSAT 1D INDIA

13.0 |[EUTELSAT2F1 EUTELSAT 85.0 |RADUGA 30 RUSSIA
13.2 |ITALSAT 1 ITALY 87.5 |DFH2F1 PRC

16.0 |EUTELSAT2F3 EUTELSAT 90.0 |GORIZONT 28 RUSSIA
19.2 |ASTRA 1A LUXEMBOURG 91.5 |INTELSAT 501 INTELSAT
19.2 |ASTRA 1B LUXEMBOURG 93.5 |[INSAT 2B INDIA

19.2 [ASTRA1C LUXEMBOURG 95.0 LUCH1 RUSSIA
19.2 |ASTRA 1D LUXEMBOURG 86.5 |GORIZONT 19 RUSSIA
20.0 |ARABSAT 1D SAUDI ARABIA 98.0 |DFH2F3 PRC

21.5 |EUTELSAT1F5 EUTELSAT 99.0 |JEKRAN 19 RUSSIA
22.5 |MARECSA ESA 89.0 |EKRAN 20 RUSSIA
23.5 |DFS3 GERMANY 103.0 |GORIZONT 25 RUSSIA
25.5 |EUTELSAT1F4 EUTELSAT 105.5 |ASIASAT 1 HONG KONG
28.5 |DFS2 GERMANY 108.0 |PALAPAB2R INDONESIA
31.0 |ARABSAT 1C SAUDI ARABIA 110.0 |BS-3N JAPAN
33.0 |DFS1 GERMANY 110.0 |BS-38 JAPAN
35.0 |RADUGA 28 RUSSIA 110.0 ([BS-3A JAPAN
40.0 |GORIZONT 22 RUSSIA 110.5 [DFH2F2 PRC

42.0 |TURKSAT 1B TURKEY 113.0 |PALAPA B2P INDONESIA
45.0 [RADUGA 31 RUSSIA 115.5 [CHINASAT 5 PRC

48.0 |EUTELSAT1F1 EUTELSAT 118.0 [PALAPA B4 INDONESIA
49.0 |RADUGA 1-2 RUSSIA 128.0 |RADUGA 27 RUSSIA
49.0 |RADUGA 1-3 RUSSIA 130.0 |GORIZONT 29 RUSSIA*
53.0 |GORIZONT 27 RUSSIA 132.0 |CS-3A JAPAN
53.0 |SKYNET4B UK 134.0 |PALAPA Bt INDONESIA
57.0 |INTELSAT 507 INTELSAT 134.0 |GORIZONT 17 RUSSIA*
60.0 |INTELSAT 604 INTELSAT 136.0 |CS-3B JAPAN
63.0 |INTELSAT 602 INTELSAT 138.0 |APSTAR 1 PRC

64.5 |INMARSAT2F1 INMARSAT 140.0 |GORIZONT 18 RUSSIA
64.9 |INTELSAT 505 INTELSAT 142.5 |GORIZONT 30 RUSSIA*
66.0 |INTELSAT 510 INTELSAT 145.0 |[GORIZONT 21 RUSSIA
70.0 |RADUGA25 RUSSIA 150.0 |JCSAT 1 JAPAN
70.0 |RADUGA 32 RUSSIA 150.0 |[ETS-V JAPAN
70.0 |RADUGA 1-1 RUSSIA 154.0 |JCSAT2 JAPAN
70.0 |EXPRESS1 RUSSIA 158.0 |SUPERBIRD A1 JAPAN
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* Leased to Rimsat




TABLE 4.2 PRINCIPAL EURASIAN GEO COMMUNICATIONS SPACECRAFT,
1 JANUARY 1995 (continued).

NUMBER OF ACTIVE SPACECRAFT

=)
L 2
-180 - -160 I in

-160 - -140

DEGE |SPACECRAFT OPERATOR DEGE |SPACECRAFT OPERATOR
162.0 |SUPERBIRD B1 JAPAN 338.5 [INTELSATK INTELSAT
174.0 |INTELSAT 701 INTELSAT 339.0 |NATO3D NATO
177.0 |INTELSAT 703 INTELSAT 340.8 |TVSAT 2 GERMANY
178.0 |INMARSAT 2 F3 INMARSAT 341.0 |TDF2 FRANCE
180.0 |INTELSAT 511 INTELSAT 341.0 |TDF1 |FRANCE
183.0 |INTELSAT 503 INTELSAT 342.0 |INTELSAT 515 INTELSAT

- 190.0 |RADUGA 21 RUSSIA 342.0 |NATO 4A NATO
305.0 (INMARSAT2F4 |INMARSAT 344.0 |KOSMOS 2054 RUSSIA
307.0 [INTELSAT 513 INTELSAT 344.5 [INMARSAT2F2 [INMARSAT
310.0 [INTELSAT 506 INTELSAT 344.8 [MARECSB2 ESA
319.5 |INTELSAT 502 INTELSAT 346.0 [GORIZONT 20 RUSSIA
325.5 [INTELSAT 603 INTELSAT 346.5 |[KOSMOS 1888 RUSSIA
326.0 |SKYNET 4A UK 346.5 |KOSMOS 2172 RUSSIA
328.6 |[INTELSAT 504 INTELSAT 349.0 |GORIZONT 26 RUSSIA
330.0 |[HISPASAT 1B SPAIN 352.0 |TELECOM2A FRANCE
330.0 |[HISPASAT 1A SPAIN 355.0 |TELECOM2B FRANCE
332.5 [INTELSAT 601 INTELSAT 359.0 [INTELSAT 702 INTELSAT
335.0 (RADUGA 23 RUSSIA 359.0 |THOR1 NORWAY
335.5 |[INTELSAT 605 INTELSAT 359.0 [SKYNET4C UK
338.5 [INTELSAT 512 INTELSAT

20 -
16 -

12 4

£~
L2

-140 - -120
-120 - -100

-100 - -080
-080 - -060

000

-060 - -040
-040 - -020
000 - 020

-020 -

020 - 040

040 - 060

060 - 080

080 - 100
100 - 120

GEO LOCATION, DEGREES EAST

A
120 - 140 |
A

\

140 - 160 [
A v

160 - 180 fziisiiilN
N




launched by an Ariane 3 in July, 1989, and sta-
tioned near 19° W. The on-station mass of
Olympus was 1.5 metric tons with a payload of
360 kg, including two 18/12 GHz, 230 W tran-
sponders; three 30/20 GHz, 30 W transponders;
and four 14/12 GHz, 30 W transponders. The
spacecraft bus was approximately 2.6 m by 2.1
m by 1.8 m with two 27.5 m solar arrays capa-
ble of a minimum of 3.6 kW at end of life. The
prime contractor was British Aerospace with
major contributions from Alenia Spazio, Fokker,
Matra Marconi, and Spar Aerospace Ltd. The
principal ESA participants in the Olympus pro-
gram were Austria, Belgium, Canada, Denmark,
ltaly, Netherlands, Spain, and the United King-
dom.

Olympus (Figure 4.1) suffered several set-
backs in 1991 but was eventually able to
recover. In late January one of the two solar
arrays lost its ability to track the sun. Then, four
months later, an attitude control upset was com-
pounded by improper commands from the
Fucino ground station, causing failures in the
electrical, propulsion, and thermal control sys-
tems. The spacecraft drifted in GEO for two
months before the vehicle could be brought
under control. Olympus was maneuvered back
to 19° W by mid-August, 1991, and the individ-
ual payloads were reactivated during Septem-
ber-November (References 3-8).

The hard-luck Olympus failed to meet its 5-
year operational goal when on the night of 11-
12 August 1994 the spacecraft was apparently
hit by a meteor during the annual Perseid

FIGURE 4.1 OLYMPUS SPACECRAFT.
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shower. Although still functional, the spacecraft
experienced an attitude control upset which ulti-
mately consumed a substantial portion of the
remaining propellants. The situation was com-
pounded by the automatic control system
actions which sent the vehicle into a lower alti-
tude drift orbit. Since insufficient propellant was
left to recover the spacecraft completely, ESA
controllers reduced Olympus’ altitude even
more, placing it in a graveyard orbit (Refer-
ences 9-11). ,

ESA’s Data Relay and Technology Mission
(DRTM) has been divided into twe principal
efforts: the Advanced Relay Technology Mis-
sion (ARTEMIS) and the aforementioned DRS.
ARTEMIS, whose launch has been delayed
until late 1997 at the earliest, will serve as a
pathfinder for DRS with three principal pay-
loads:

(1) Semiconductor Intersatellite Link Exper-
iment (SILEX) optical terminal to dem-
onstrate space-to-space links with the
French SPOT 4 spacecraft;

(2) L-band transponder to provide land-
mobile communications within Europe;
and

(3) S-band (2 GHz) and Ka-band (23-28
GHz) data relay equipment for pre-DRS
experiments.

The spacecraft will also test two indepen-
dent ion thruster systems for orbital mainte-
nance over a potential 10-year life-span.

In 1993 Alenia Spazio was awarded the
prime contract for ARTEMIS which will be
based on the ITALSAT design with a mass of
2.6 metric tons, including 1.2 metric tons of pro-
pellant. The 3-axis-stabilized spacecraft will fea-
ture two elongated solar arrays with an end-of-
life capacity of at least 2.8 kW (Figure 4.2). The
payload, with a mass of up to 550 kg, will
employ two 2.85-m-diameter and one 1.0-m-
diameter antennas for the L-, S-, and Ka-band
transponders. A 1-m-diameter telescope will be
installed at the Teide Observatory, Tenerife, the
Canary Islands to support SILEX experiments.
Originally scheduled to fly on the second Ariane
5 mission in 1996, ARTEMIS has encountered
serious technical and cost problems, leading at
least one ESA member to consider abandoning
the project (References 12-22).

Alenia Spazio is also the proposed prime
contractor for DRS which has suffered a lack of
ESA Council support since its reaffirmation at
the November, 1991, ministerial meeting in



FIGURE 4.2 ARTEMIS SPACECRAFT.

Granada. Through 1994 the detailed definition
phase (Phase B2) for DRS was underway, but a
move into the main development phase (Phase
C/D) was delayed pending programmatic deci-
sions. If fully approved in 1995, the first of two
spacecraft might be launched as early as 1999
with payloads similar to ARTEMIS' SILEX and
S-/Ka-band equipment (Figure 4.3). A full DRS
constellation will consist of spacecraft stationed
at 59° E and 44° W. ARTEMIS will join the DRS
to support SPOT, ENVISAT, the International
Space Station and other selected spacecraft,
including military spacecraft (References 12-13,
23-29).

ESA is also looking at a variety of other sat-
ellite communications projects. Under the ESA
Payload and Spacecraft Demonstration and
Experimentation Program (PSDE), develop-
ment of a European Mobile Services (EMS) sys-
tem is underway for a test flight as an auxiliary
payload of ITALSAT F2, now scheduled for
launch in 1995. The Advanced Orbital Test Sat-
ellite System (AOTS) may introduce ESA’s first
communications satellite in a highly ellipitcal,
inclined orbit. Named Archimedes, the new sys-
tem would be designed primarily for portable
receivers at high latitudes. First launch of up to
six spacecraft could begin by the end of the
decade (References 3, 12, 13, 30-32).
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ESA is also promoting satellite communica-
tions technology under the Advanced Research
in Telecommunications Systems (ARTES) pro-
gram, which had grown to 12 elements by the
end of 1994. These elements include the On-
Board Processing mission, the Multi-Orbit Small
Satellite program, and the Little LEO Messaging
System. The last could witness the launch of a
first payload as early as 1996. In addition, ESA
is a proponent of general satellite communica-
tions research (References 3, 12, 13, 28, 33-
35).

4.1.2 EUTELSAT

The European Telecommunications Satel-
lite Organization (EUTELSAT) has been servic-
ing the European community since 1977, being
formally established by a multi-lateral agree-
ment in 1985. By end 1994, the organization
had grown to 44 members, primarily due to the
breakup of the former Soviet Union and the
restructuring of Europe. Some of the more
recent members are the Russian Federation,
Estonia, Latvia, Moldova, Bulgaria, Andorra,
and Belarus.

In 1979 ESA agreed to design, build, and
launch five ECS spacecraft to be assumed by
EUTELSAT after passing initial on-orbiting test-
ing. At that time the name of each spacecraft
was changed to EUTELSAT 1-F1, EUTELSAT
1-F2, etc. Of the five ECS spacecraft, four were
successfully launched (1983, 1984, 1987, and
1988) and transferred to EUTELSAT. ECS 3
was lost in an Ariane launch accident in 1985.

As noted previously, the ECS spacecraft
was derived from the OTS vehicle but with an
initial mass on station of approximately 700 kg.

DRS Sateliile

FIGURE 4.3 DRS SPACECRAFT.




FIGURE 4.4 EUTELSAT 2 SPACECRAFT.

The payload included twelve (including two
spares) 14/11 GHz transponders with 20 W out-
put power for a capacity of 12,000 telephone
circuits or 10 television channels. Two solar
arrays with a span of 13.8 m provided 1 kW of
electrical power to the 2.2 m by 2.4 m space-
craft bus. With an anticipated working life of up
to seven years, at the end of 1994 three ECS/
EUTELSAT 1 spacecraft were still operational
at 21.5° E, 25.5° E, and 48° E, although
EUTELSAT 1-F1 offered limited service due to
its inclination of more than 4.5°. EUTELSAT 1-
F2 (ECS 2) was retired in December, 1993.

In 1990 EUTELSAT began the deployment
of the second generation EUTELSAT space-
craft procured directly from Aerospatiale and
based on the Spacebus-100 design. Each
EUTELSAT 2 spacecraft supports 16 transpon-
ders (with eight spares) operating at 14/11 GHz
and 50 W output power. In orbit the spacecraft
spans 22.4 m across the two rectangular solar
arrays which generate up to 3.5 kW. Although
similar in appearance to EUTELSAT 1, EUTEL-
SAT 2 employs two, 1.6 m diameter multifeed
reflectors, one on each side of the spacecraft
bus (Figure 4.4). '

Throughout 1993-1994, the EUTELSAT 2
constellation consisted of four spacecraft: No. 1
at 13° E, No. 2 at 10° E, No. 3 at 16° E, and No.
4 at 7° E. EUTELSAT 2-F5 was scheduled to
join the network in 1994 but was lost in an Ari-
ane launch accident on 24 January 1994. The
last of the EUTELSAT 2 series spacecraft was
scheduled for launch in 1995 under the name
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Hotbird 1. The vehicle will be essentially the
same as its predecessors, but the transponder
output power will be increased from 50 W to 70
W (References 36-37).

In late 1993 EUTELSAT sought bids for a
more capable spacecraft dubbed Hotbird Plus.
In early 1994, Matra Marconi was awarded the
contract for a single spacecraft, Hotbird 2, with
options for up to three more. By the end of 1994
the first option had been exercised for Hotbird
3. The new spacecraft will be launched in 1996
and 1997 and will be based on the Eurostar
design developed jointly by British Aerospace
and Matra Marconi. The nearly 3-metric-ton
Hotbird Plus will carry 20 high power (110 W)
Ku-band transponders to permit direct-to-home
television broadcast service to Europe via a
Superbeam antenna and broader coverage with
a Widebeam antenna. An enlarged solar array
will generate the 5.5 kW required by the space-
craft and its power-hungry payload. The new
Hotbird Plus spacecraft will be co-located with
Hotbird 1 at 13° E (References 38-42).

The Hotbird series of spacecraft represent a
stop-gap measure before the even larger, more
capable EUTELSAT 3 satellites are deployed.
In late 1994 EUTELSAT requested bids for the
new spacecraft which are expected to have a
mass of three metric tons in order to carry 24
active 90 W, Ku-band transponders (reduced
from an initial goal of 34 transponders). An
award for the first batch of EUTELSAT 3 space-
craft, to be ready beginning in 1998, was antici-
pated in 1995 (References 43-45).

EUTELSAT had planned to create a new
generation of direct broadcast satellites, called
Europesat, for operations starting in the mid-
1990’s. Sponsored primarily by France and
Germany, the project faltered when France's
Telecom declined to participate. The market
envisioned for Europesat was high definition
television broadcasting using 125 W, 18/12
GHz transponders (References 46-48).

4.1.3 France

Since 1988 France has operated two
national communications systems in GEO,
Telecom and TDF, to ensure domestic and
international telephone and television service.
An advanced communications technology
spacecraft, called Stentor, was approved in
1994 for a launch in 1999. Meanwhile, French
plans for LEO communications networks faded
during 1993-1994, and the lone mini-satellite of



this class launched in early 1993 suffered major
problems early in life.

The initial French experience with GEO
telecommunications began in 1967 when a joint
venture was signed by France and Germany to
develop two experimental Symphonie satellites.
The small (230 kg) spacecraft with 3-axis stabi-
lization and two 6/4 GHz transponders were
launched by the U.S. in 1974 and 1975. The
Symphonie system was highly successful in
providing telecommunications links throughout
Europe and to other continents. Both spacecraft
far exceeded the 5-year design life and were
transferred to graveyard orbits in 1983 and
1985, respectively.

Shortly before the retirement of Symphonie
2, the first Telecom spacecraft, Telecom 1A,
was launched by an Ariane booster on 4 August
1984. Operated by France Telecom under gov-
ernment sponsorship, Telecom satellites ser-
vice both civilian and military users through
twelve active and five reserve transponders
operating at 6/4 GHz (four transponders), 14/12
GHz (six transponders), and 8/7 GHz (two tran-
sponders). The last units provide the Syracuse
(Systeme de Radio Communications Utilisant
un Satellite) secure military channels for the
French Ministry of Defense (References 49-50).

Telecom 1 satellites were designed and
manufactured by Matra with the communica-
tions package supplied by Alcatel Espace. At
the start of its 7-year design life, each Telecom
1 had a mass of approximately 700 kg and an
initial electrical power capacity of 1.2 kW, sup-
plied by two narrow solar arrays with a total
span of 16 m. The spacecraft bus was derived
from the earlier ECS program (Section 4.1.2) in
which Matra was a subcontractor to British
Aerospace. A total of three Telecom 1 satellites
were launched (1984, 1985, 1988). Only Tele-
com 1C remained operational at the end of
1994 and was stationed at 3° E after being
moved from 5° W in the Fall of 1992.

The second generation Telecom spacecraft
debuted on 16 December 1991 as Telecom 2A
and was followed on 15 April 1992 by Telecom
2B. This new series of more capable spacecraft
was designed and manufactured jointly by
Matra Marconi and Alcatel Espace and is based
on the Matra-British Aerospace Eurostar 2000
2.0 x 2.1 x 2.0 m satellite bus (Figure 4.5). On-
orbit mass of Telecom 2 is 1380 kg with a pay-
load mass of 400 kg. The twin solar panels
span 22 m and provide an excess of 3.6 kW
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FIGURE 4.5 TELECOM 2 SPACECRAFT.

with 2.5 kW available for the payload. The
design life is 10.25 years. o

The Telecom 2 communications package
includes ten 6/4 GHz transponders with four
spares for telephone and television relays, six
8/7 GHz transponders with three spares for the
military Syracuse Il payload, and 11 14/12 GHz
transponders with four spares for television,
data transmission, and teleconference. When
completed the Telecom 2 constellation will be
deployed at 8° W, 5° W, and 3° E. At the end of
1994 Telecom 2A and 2B were stationed at 8°
W and 5° W, respectively. The launch of Tele-
com 2C was scheduled for 1995 with Telecom
2D set to follow as early as the latter part of
1996. Studies for a proposed third generation
Telecom series are underway (References 51-
54).

A 1980 French-German agreement to
develop compatible direct broadcast satellite
systems led to the creation of the French TDF
(Telediffusion de France) series of satellites
which were launched in 1988 and 1990 (Refer-
ences 55-56). Based on Aerospatiale’s Space-
bus 300 platform, TDF spacecraft are about 1.3
metric tons on station with bus dimensions of
1.6 m by 2.4 m by 7.1 m and a payload mass of
250 kg (Figure 4.6). The solar arrays span 19.3
m and provide 4.3 KW at start of life. Both
spacecraft carry five, high power (230 W) 18/12
GHz transponders and are located at 19° W. A
decision to delete a third spacecraft from the
program was based, in part, on the assumption
that Europesat would be available in the late
1990’s (Section 4.1.2).

Matra Marconi’s S80/T microsatellite (Fig-
ure 4.7), based on the UK UoSAT bus, was
placed into a nearly circular orbit of 1,315 km at
an inclination of 66.1° as'a piggyback payload




SEEE

FIGURE 4.6 TDF SPACECRAFT;

on the Topex/Poseidon mission in August,
1992. Sponsored by CNES, the 50-kg S80/T
satellite with a 7 kg payload developed by Das-
sault Electronique was gravity gradient stabi-
lized with a 25 W power supply. The primary
objectives were “analysis of the VHF frequency
band between 148 and 149.9 MHz and trans-
mission of data to prepare the future operational
880 system, a constellation of small satellites in

FIGURE 4.7 S80/T SPACECRAFT
IN TESTING.

low, inclined orbits providing positioning and
short message services” (Reference 57).

The proposed Taos system was to be com-
prised of 5-12 spacecraft in circular 1,248 km
altitude orbits with a 57.1° inclination. The 152-
kg spacecraft, similar to S80/T, would be cen-
tered on a bus of 0.65 x 0.65 x 0.80 m and four
2-m-long solar panels (Figure 4.8). The VHF
payload would account for up to 60 kg. How-
ever, Taos did not receive French government
support, and the S80/T spacecraft was offered
to the International Space University (Refer-
ences 58-63).

Perhaps influencing the Taos decision was
the disappointing experience with Arsene,
launched on 12 May 1993 into a 17,666 km by
37,041 km orbit as a piggy-back payload on an
Ariane GEO mission. More than a decade in the
making, Arsene was designed as an amateur
radio satellite, but some of its systems were to
serve as prototypes for future small communi-
cations satellites. Unfortunately, the VHF
antenna failed immediately after launch, and
operations with the vehicle’s SHF antenna ulti-
mately led to power supply problems and loss of
the 154-kg spacecratft after only three months in
orbit (References 64-66).

After considerable debate, France has cho-
sen the Stentor technology satellite as its next
major investment in space-based communica-
tions. The GEO spacecraft is scheduled for

FIGURE 4.8 TAOS SPACECRAFT.



launch by 1999 to test both civil and military
communications systems. Originally envisioned
as a 2.5 metric-ton satellite, the chosen Stentor
design required only 1.5 metric tons at launch.
An ion propulsion system alone reduced the
spacecraft mass by 600 kg by eliminating a
large liquid propellant propulsion system. Gal-
lium arsenide solar cells will provide the 1.8 kW
needed to power the satellite and its Ku-band
payload. Matra Marconi, Alcatel, and Aerospa-
tiale will bear primary responsibility for the
spacecraft (References 67-69).

4.1.4 Germany

German experience with GEO telecommu-
nications has mirrored that of France. As noted
in the previous section, Germany was an equal
partner with France in the Symphonie program.
After gaining space communications relay expe-
rience, Germany developed a pair of TV-Sat
spacecraft in conjunction with France's TDF
program. This was followed by the DFS (Deut-
scher Fernmeldesatellit) Kopernikus series of
communications satellites.

Like the French TDF, TV-Sat satellites are
based on the Aerospatiale Spacebus 300 plat-
form and were created by the Eurosatellite con-
sortium of Aerospatiale and Messerschmitt-
Boelkow-Blohm (MBB). The technical specifica-
tions of TV-Sat are also virtually identical with
those of TDF, and both satellites share the
same geostationary locale near 19° W. MBB
was responsible for the attitude and orbit control
systems on both TDF and TV-Sat using the
S400 and S10 engines (References 70-71).

TV-Sat 1 was launched on 21 November
1987 but the failure of one solar panel to deploy
severely curtailed operations, and the space-

FIGURE 4.9 TV-SAT SPACECRAFT.
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FIGURE 4.10 DFS (KOPERNIKUS)
SPACECRAFT.

craft was placed in a graveyard orbit in 1989.
TV-Sat 2 followed on 8 August 1989 and is cur-
rently on station at 19.2° W. No further launches
in this series are planned (References 72-73).
The DFS series of satellites debuted in
1989 with the third being launched in 1992. Pro-
duced by the GESAT consortium of MBB (flight
segment prime contractor), Siemens (overall
prime contractor), ANT Nachrichtentechnik
(payload), Standard Elektrik Lorenz (digital
switching equipment), and Dornier Systems
(ground control system), DFS spacecraft are
smaller than TV-Sat: on-station mass of DFS is
850 kg with a 15.4 m solar array span providing
up to 1.5 kW of electrical power (Figure 4.10).
The communications payload includes ten
14/11-12 GHz transponders with five spares
and one experimental 30/20 GHz transponder
with one spare. At the end of 1994 DFS 1-3
were stationed at 33.5° E, 28.5° E, and 23.5° E,
respectively. Like TV-Sat, the DFS Kopernikus
series has been concluded (References 74-76).
In 1991 The Technical University of Berlin's
microsat Tubsat A was carried into a sun-syn-
chronous orbit of approximately 775 km at an
inclination of 98.5° during ESA’s ERS-1 flight.
The 35-kg, 0.4 m cube satellite was designed to
test a 1.6/1.5 GHz data relay system for Antarc-
tic platforms. An octagonal Tubsat B with
slightly greater dimensions (0.5 m), power (25
W), and mass (40 kg) was launched on 25 Jan-
uary 1994 as a piggy-back satellite with the
Russian Meteor 3-6 spacecraft into an orbit of




1,185 km by 1,209 km at an inclination of 82.6°.
The principal objective of Tubsat B was space
technology experimentation rather than commu-
nications, and the spacecraft failed after less
than six weeks in orbit.

OHB System and the German Space
Agency (DARA) have undertaken a program of
small communications satellites named SAFIR
(Satellite for Information Relay). The first of the
series, SAFIR-R1, was launched on 4 Novem-
ber 1994 attached to the Russian Resurs O-1
spacecraft. The 38-kg package was not
released for this initial test of messaging service
in a 660-km orbit, but it did carry a Rockwell
SpaceNav V GPS receiver. Additional SAFIR-R
and free-flying SAFIR spacecraft are scheduled
for flights in 1996 and 1997 on board other Rus-
sian launch vehicles. The SAFIR spacecraft will
have a mass of 55 kg in the form of a 0.45-m
cube and a gravity-gradient stabilization sys-
tem. Communications will be in the 400 MHz
band (References 77-78).

Under contract to the Italian firm
Telespazio, Germany’s Kayser-Threde GmbH
designed and built the TEMISAT environmental
data collection and relay satellite which was
launched in August, 1993 (Section 4.1.13).

4.1.5 Hong Kong

Hong Kong is now the base of operations
for two telecommunications organizations
responsible for the Asiasat and APStar net-
works, respectively, providing a wide range of
services to Asia and the Western Pacific region.
Both systems, however, rely on US-manufac-
tured spacecraft launched on Chinese boosters.

The Hong Kong-based consortium, Asia
Satellite Telecommunications Company, includ-
ing United Kingdom and Chinese partners,
entered the commercial telecommunications
market in 1990 with the launch of Asiasat 1.
Based on Hughes HS-376 platform, Asiasat 1
(Figure 4.11) had been flown in 1984 as Westar
6, but a perigee kick motor malfunction allowed
it to be retrieved by the U.S. Shuttle, refur-
bished, and reflown (see also Indonesia’s Pal-
apa B2R). Asiasat 1 marked China’s first com-
mercial space launch when a CZ-3 booster
placed the spacecraft in a geostationary trans-
fer orbit on 7 April 1990.

Asiasat 1 carries 30 low-power, 6/4 GHz
transponders of which as many as 24 are
active. The on-orbit mass of the satellite at
105.5° E is just over 600 kg. A more capable
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FIGURE 4.11 ASIASAT 1 SPACECRAFT IN
CHECKOUT.

Asiasat 2 is expected to be launched in 1995
and will be based on a Lockheed-Martin 7000
spacecraft bus. Asiasat 2 will be 3-axis stabi-
lized with an initial launch mass of 3.5 metric
tons and will carry a payload of 24, 55-W, 6/4
GHz and 9, 115-W 14/12 GHz transponders
(Figure 4.12). Asiasat 2 will be parked at 100.5°
E, following an agreement with Thailand to
avoid radio interference. Design studies are
already underway for Asiasats 3 and 4 (Refer-
ences 79-82).

A late-arriving competitor to Asiasat is APT
(Asia Pacific Telecommunications) Satellite
Company, Ltd's APStar network. Underwritten
primarily by Chinese corporations, APT Satellite
Co. moved rapidly from its formation in 1992 to
the launch of APStar 1 on 21 July 1994 by a
Chinese CZ-3. The Hughes HS-376 spacecraft
was outfitted with 24, low-power (16W) C-band
transponders. To cover the East Asian region
(PRC, Hong Kong, Japan, Singapore, Indone-
sia, and Vietnam), APStar 1 was to have been
located at 131° E. However, concerns raised by
Japan and Tonga about interference with
spacecraft already in the 130-131° E area




FIGURE 4.12 ASIASAT 2 SPACECRAFT.

forced APStar to begin operations at 138° E
under a lease arrangement with Tonga (Refer-
ences 83-88).

In late 1993 APT Satellite Co. signed a con-
tract with Hughes to provide an HS-601 model
spacecraft for launch as APStar 2 in 1994,
although the launch was later delayed until
early 1995. APStar 2 will carry a total of 34 tran-
sponders: 26 52-W C-band, 6 50-W Ku-band,
and 2 120-W Ku-band (References 84 and 89).

4.1.6 Hungary

During 1993-1994 Hungary and Israel dis-
cussed the feasibility of having an Israeli
AMOS-class spacecraft serve as the first Hun-
garian GEO communications satellite. Named
Magyarsat, the satellite would be co-located
with AMOS 1 at 4° W, perhaps as early as
1998. A detailed agreement for full or partial
use of the spacecraft telecommunications
capacity was expected in 1995 (Reference 90).

4.1.7 India

India first experimented with geosynchro-
nous telecommunications relays in 1981 and
now has three active spacecraft in GEO. More-
over, the launch of INSAT 2A in July, 1992,
marked the debut of India’s first domestically
built operational GEO space-craft. In a depar-
ture from most nations, India’s GEO platforms
combine a communications mission with that of
Earth observation. By 1997 India’s first com-
mercial GEO communi-cations network may
also be operational.
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india’s first experimental GEO communica-
tions satellite, APPLE (Ariane Passenger Pay-
load Experiment), was launched on the third
test flight of the Ariane launch vehicle in June,
1981. For 27 months (until attitude control fuel
depletion) the 350-kg Apple successfully served
as a testbed for the entire Indian telecommuni-
cations space relay infrastructure despite the
failure of one solar panel to deploy. The space-
craft bus was cylindrical with a diameter of 1.2
m and a height of 1.2 m. The communications
payload consisted of two 6/4 GHz transponders
connected to a 0.9 m diameter parabolic
antenna.

Between 1982 and 1990 four U.S.-built
INSAT 1 satellites were launched to support
Indian domestic communications and Earth
observation requirements as a joint venture
among the Indian Department of Space, the
Department of Telecommunications, the Meteo-
rological Department, All-India Radio, and All-
India Doorarshan Television. The Ford Aero-
space spacecraft had a mass of 650 kg on sta-
tion and carried twelve 6/4 GHz transponders
with an output power of 4.5 W and three (two
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FIGURE 4.13 INSAT 2 (LEFT) AND INSAT 1
SPACECRAFT.
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active plus one backup) 6/2.5 GHz transpon- which was vacated by INSAT 1B in April, 1992.
ders. Both INSAT 1A (April, 1982) and INSAT INSAT 2B was launched 22 July 1993 by an Ari-
1C (July, 1988) were lost due to malfunctions ane rocket and positioned at 93.5° E (Figure
within 18 months of launch. INSAT 1B (August, 4.14) (References 94-95).
1983) was no longer in operational service dur- In March, 1994, India selected Arianespace
ing 1993-1994, instead being used for special to launch INSATs 2C and 2D in 1995 and 1996,
experiments. INSAT 1D (June, 1990) was oper- respectively. The spacecraft will be similar to
ational at 83° E. the earlier INSATs but will be 200 kg heavier at
The INSAT 2 program was underway in launch (2,100 kg) and will carry larger solar
1983 to develop an indigenous multi-purpose arrays for 1.6 kW of electrical power. The com-
GEO spacecraft that relied heavily on the previ- munications payload will consist of 12 C-band,
ous Ford Aerospace design. In 1985 the basic 6 extended C-band, 3 Ku-band, and 2 S-band
spacecraft configuration was adopted, calling transponders plus a new low-power C-band
for an on-station dry mass of 860 kg which later transponder for a mobile communications
rose to 910 kg (1,160 kg at beginning of life). feeder. The design lifetime will be nine years.
The communications payload was increased Preparations are also already underway for
with six additional 7/5 GHz transponders for a INSAT 2E, due to be launched in 1997, with
total of 18, plus two S-band transponders. The special INTELSAT compatibility (References
spacecraft bus is rectangular with side dimen- 96-99).
sions of 1.6 m by 1.7 m by 1.9 m (Figure 4.13). In late 1994, the relatively new Afro-Asian
The asymmetric, accordion type solar panel Satellite Communications (ASC) Ltd., head-
produces 1.4 KW at beginning of life and is off- quartered in Bombay, was nearing the selection
set on the other side of the bus by an extendible of a manufacturer for its 2-satellite GEO sys-
solar sail (References 91-93). tem. However, the purpose of the ASC network
INSAT 2A was finally launched on 9 July is to provide communications links to hand-held
1992 by an Ariane booster, about three years . terminals, much like the proposed LEO cellular
behind schedule. The spacecraft was posi- phone networks. The ASC service area will at
tioned at the primary INSAT location of 74° E, first be concentrated in Central and Southern
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FIGURE 4.15 PALAPA B SPACECRAFT IN
CHECKOUT.

Asia with later expansion to other parts of Asia
and Africa. The first launch could come as soon
as late 1997 (References 100-102).

4.1.8 Indonesia

Since 1976 Indonesia has operated a
national GEO telecommunications network
based on U.S.-made Hughes, spin-stabilized
spacecraft. Today the Palapa constellation con-
sists of three HS-376 class spacecraft (Figure
4.15) located at 108° E (Palapa B2R, launched
13 April, 1990), 113° E (Palapa B2P, launched
29 March, 1987), and 118° E (Palapa B4,
launched 14 May 1992). These second genera-
tion Palapa spacecraft have an on-station mass
of 630 kg and have all been launched by Delta
boosters. (Palapa B2R was originally launched
as Palapa B2 by the U.S. Space Shuttle in Feb-
ruary, 1984, but its perigee motor malfunc-
tioned, leading to a Shuttle retrieval in Novem-
ber, 1984. The spacecraft was then refurbished
and relaunched as Palapa B2R.).

The Palapa B series of satellites carry 30 6/
4 GHz transponders (including six spares) to
support telecommunications services through-
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out Southeast Asia. The design lifetime of the
spacecraft is eight years.

In 1991 the aging Palapa B1 satellite
(June, 1983) was sold to Pasifik Satelit Nusant-
ara (PSN) for a new mission to provide com-
mercial services to the Pacific Rim region. Pal-
apa B1 was moved to its new location near 134°
E during March-May, 1992 and remained oper-
ational through 1994 despite its inclination of 4°.
During 1993 PSN and Tonga clashed over the
use of the 134° E slot before an acceptable
solution was reached (References 103-107).

To handle the next generation of Palapa
satellites, Palapa C, Indonesia in early 1993
established PT Satelit Palapa Indonesia
(Satelindo) of Jakarta, a commercial firm with
the PT Bimagraha Telekomindo the majority
shareholder, to manage the Palapa C program

- and to secure additional investment funding.

PSN is also assisting in the Palapa C program
with communications services expertise. The
first Palapa C spacecraft was originally sched-
uled for launch by an Ariane rocket in the Fall of
1995 to replace Palapa B2P (References 108-
111).

The Palapa C series will employ Hughes'
HS-601 spacecraft with 34 active transponders:
24 (with six spares) C-band, 6 (with two spares)
extended C-band, and 4 (with two spares) Ku-
band. The on-station mass of the satellite at
beginning of life will be 1,775 kg with a design
lifetime of at least 12 years. Palapa C1 will be
followed in 1997-1998 by Palapa C2 which is
designated to replace Palapa B2R.

-On the horizon are two new GEO commer-
cial communications networks with inaugural
flights in 1996 and 1998, respectively. The
Indostar system will provide direct broadcast
television and radio services specifically for
Indonesia. A Jakarta consortium, PT Media
Citra plans to launch up to four American-built
(International Technologies, Inc.’s Star space-
craft) satellites for positions at 105.9° E, 106.1°
E, 114.9° E, and 115.1° E. The spacecraft will
have an on-station mass of only 430 kg at the
beginning of life with a design lifetime of at least
seven years. The payload will consist of three
S-band transmitters for television broadcasts
and two L-band transmitters for radio services
(References 112-113).

Trying to satisfy the growing demand for
hand-held telephone service in Asia, PSN along
with partners in Thailand and the Philippines
plans to field the Asia Cellular Satellite System




(ACES), starting in 1998. The Garuda space-
craft will be built by Lockheed-Martin based on
the A2100 satellite bus and will feature two 12-
m umbrella antennas for L-band communica-
tions. PSN had earlier sought to create a cellu-
lar telephone system with Singapore (Section
4.1.24) but dropped out of the venture in 1994
(References 114-116).

4.1.9 INMARSAT

The International Maritime Satellite Organi-
zation (INMARSAT) is the principal global pro-
vider of communications services to mobile
(land, air, and sea) users. Based in London,
INMARSAT was formed in 1979 and began
operations in 1982 with leases of three Ameri-
can Marisat spacecraft launched in 1976. The
organization continued to grow in 1993-1994,
adding members ranging from the sultanate of
Brunei Darussalam to Mexico to South Africa to
the Bahamas. The last became the 74th mem-
ber in mid-1994. In the mid-1980’s INMARSAT
expanded operations through ESA’s MARECS
spacecraft, which represented a specialized
variation of the ECS/EUTELSAT satellites man-
ufactured by the MESH consortium with British
Aerospace as the prime contractor. The
MARECS program evolved from the original
Marots program (1973-1978) (Reference 7).

To replace the MARISAT and MARECS sat-
ellites, INMARSAT commissioned the develop-
ment of the INMARSAT 2 series of spacecraft.
Based on the Eurostar 1000 spacecraft bus cre-
ated by British Aerospace and Matra Marconi,
INMARSAT 2 satellites have an initial on-station
mass of approximately 800 kg of which 130 kg
is allocated to the payload. Electrical power
capacity of the twin solar arrays (total span =
15.2 m) is 1.2 kW. Overall dimensions of the
rectangular bus are 1.5 m by 1.6 m. The total
communications package includes four active
and two reserve 1.6/1.5 GHz transponders and
one active and one reserve 6/4 GHz transpon-
ders.

The first two INMARSAT 2 spacecraft (Fig-
ure 4.16) were launched by American Deltas
(October, 1990, and March, 1991). INMARSATSs
2 F3 and 2 F4 followed on 16 December 1991
and 15 April 1992 via Ariane launch vehicles. At
the beginning of 1995, these four spacecraft
were serving as the primary nodes in the
INMARSAT network at 64.5° E (2 F1), 178°E (2
F3), 344.5° E (2 F2), and 305° E (2 F4).
Selected INTELSAT and MARISAT satellites
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FIGURE 4.16 INMARSAT 2 SPACECRAFT.

are also employed as needed in the INMARSAT
network.

The third generation INMARSAT satellites
are currently being manufactured by a team led
by Matra Marconi (payload) and Lockheed-Mar-
tin (spacecraft, Satcom 4000 bus). Five of the
1.1 metric ton (on-station) spacecraft are tenta-
tively scheduled (after repeated delays) for
launch in 1995-1997: the first two by Atlas, the
third and fifth by Ariane, the fourth by Proton.
The approximately 200 kg payload will retain
the same 1.6/1.5 GHz and 6/4 GHz communica-
tions links and will add a navigation package.
Design lifetime will be 13 years for INMARSAT
3 compared to 10 years for INMARSAT 2 (Ref-
erences 117-121).

During 1993-1994 INMASAT was beset
with pressures to privatize and to select a new
satellite constellation to service the growing
demand for hand-held telephone communica-
tions. From the Project 21 study in early 1993
with three design concepts, INMARSAT
selected a medium-altitude network for its pro-
posed INMARSAT-P system. Twelve, Hughes-
built, 2.5-metric-ton space-craft will be deployed
at altitudes near 10,000 km with inclinations of
55°. The first launch could come as early as
1998, leading to some network services by
1999 (References 122-133).

4.1.10 INTELSAT

The International Telecommunications Sat-
ellite Organization (INTELSAT) marked its 30th
anniversary in August, 1994, as the premier
provider of satellite-based communi-cations in
the world. From an initial 14 countries, INTEL-
SAT grew to 134 member nations by 22 August
1994 (two days after its 30th anniversary) with



the Republic of Kazakhstan being the most
recent addition.

During 1965-1994 a total of 51 INTELSAT
satellites were launched, of which 42 success-
fully reached GEO and operational status.
These spacecraft varied in on-orbit mass from
38.5 kg to 1,896 kg and constituted ten genera-
tions: INTELSAT 1: 1, INTELSAT 2: 4, INTEL-
SAT 3: 8, INTELSAT 4: 8, INTELSAT 4A: 6,
INTELSAT 5: 9, INTELSAT 5A: 6, INTELSAT 6:
5, INTELSAT K: 1, and INTELSAT 7: 3. As of 1
January 1995, INTELSAT was operating 21
spacecraft of five principal families at 20 GEO
locations around the worid.

The oldest operational INTELSAT series
with seven active spacecraft is the INTELSAT
5, produced by Ford Aerospace with MBB and
Aerospatiale as major sub-contractors. Each
INTELSAT 5 spacecraft (launched between
1980 and 1984) is 3-axis stabilized (the first
such use by INTELSAT) with an initial on-sta-
tion mass of approximately 1,000 kg and a pay-
load of 21 C-band transponders and six Ku-
band transponders. The INTELSAT 5A series
(launched between 1985 and 1989) added 11
additional C-band transponders and about 175
kg of mass. All five INTELSAT 5A spacecraft
successfully deployed in GEO were still opera-
tional at the end of 1994. Beginning with INTEL-
SAT 505 (aka INTELSAT 5 F5), most INTEL-
SAT spacecraft have carried additional
INMARSAT-compatible C-band and L-band
transponders.

In 1989 the INTELSAT 6 series, produced
by Hughes with major assistance from British
Aerospace, MBB, Alenia Spazio, and Alcatel
Espace, debuted as the largest INTELSAT sat-
ellite to date. With a 1.9 metric ton on-station
mass, each INTELSAT 6 satellite carries 38 C-
band transponders and 8 Ku-band transpon-
ders. All five INTELSAT 6 were successfully
deployed in GEO (although INTELSAT 6 F3 had
to be rescued by the US Space Shuttle and then
sent on its way after an initial launch malfunc-
tion) during 1989-1991 and remain operational.

The solitary INTELSAT K spacecraft,
launched in 1992, was designated to become
GE Americom Satcom K4 but became available
in 1989 when the original owners abandoned a
proposed project. The GE 5000 series satellite
had a 1,550-kg beginning-of-life on-station
mass with a 10-year design lifetime. The pay-
load consisted of 16 moderate-power (62.5 W)
Ku-band trans-ponders. INTELSAT K is co-
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located with INTELSAT 512 (aka INTELSAT 5/
5A F12) at 21.5° W.

Deployment of the first three INTELSAT 7
spacecraft was performed during 1993-1994.
INTELSATs 701 and 702 were launched by Ari-
ane rockets on 22 October 1993 and 17 June

1994, whereas INTELSAT 703 was lifted by an

Atlas 2AS. INTELSAT 7 is based on a Loral FS-
1300 bus with the primary payload furnished by
Alcatel Espace. The spacecraft has an on-sta-
tion mass of about 1.8 metric tons and a design
lifetime of 11 years or more. The payload
includes 26 C-band and 10 Ku-band transpon-
ders. Six additional INTELSAT spacecraft were
scheduled for launch during 1994-1995, as well
as two INTELSAT 7A satellites. The latter will
be virtually identical to their predecessors but
will carry higher power Ku-band transponders.

The next generation INTELSAT space-craft,
the INTELSAT 8/8A series, will begin launches
in 1996 with as many as six deployed by the
end of 1997. The Lockheed-Martin series 7000
spacecraft will have a design lifetime of at least
14 years (Reference 134).

4.1.11 Iran

Since the 1970's Iran has considered estab-
lishing a GEO communications satellite net-
work. After several abortive attempts, Iran
reached a tentative agreement in 1993 to pur-
chase a pair of western satellites for its Zohreh
system. With spacecraft stationed at 26° E and
34° E, the Zohreh system will provide both L-
band (INMARSAT-compatible) and Ku-band (14
transponders) links. The 1,850-kg spacecraft
are to be furnished by Alcatel Espace and Aero-
spatiale with design lifetimes of 10 years. In the
meantime, Iran is leasing Ku-band capacity on
INTELSAT spacecraft (References 135-137).

4,112 Israel

Although by the end of 1994 Israel had
launched only two small experimental LEO sat-
ellites, the country was preparing to launch its
first GEO spacecraft in 1995 on board an Ariane
vehicle. Developed by Israel Aircraft Industries
with assistance from DASA and Alcatel Espace,
the 500-kg-class AMOS (Affordable Modular
Optimized Satellite) will carry 7 Ku-band tran-
sponders (plus two spares) for Eurasian com-
munications services.

AMOS is a 3-axis-stabilized satellite with a
mostly rectangular spacecraft bus (2m x 2m x
1.5m) and two short solar arrays providing




FIGURE 4.17 AMOS SPACECRAFT.

about 1 kW of electrical power. An operational
lifetime of up to 10 years is expected for AMOS
1 at a location of 4° W. AMOS 1 will be tested in
a simulated space environment by INTESPACE
(France) in 1995. An AMOS-class satellite is
also being considered by Hungary for its Mag-
yarsat system (Section 4.1.6). The Hungarian
satellite would also be located at 4° W and
could serve as a backup to AMOS 1 (Refer-
ences 138-146).

A LEO microsat named Techsat 1 (aka Gur-
win 1) was in final preparation in late 1994 for
an early 1995 piggy-back launch on the maiden
flight of the Russian Start launch vehicle. Devel-
oped at the Asher Space Research Institute of
the Israel Institute of Technology with the assis-
tance of the Israel Space Agency and 1Al, Tech-
sat 1 is a 3-axis-stabilized spacecraft of 50 kg
mass. The multi-purpose payload will include a
digital store/dump message handling system for
amateur radio operators as well as a UV tele-

scope, a CCD imaging system, and X-ray -

detectors. The spacecraft is to be inserted into
an orbit of approximately 700 km altitude (Ref-
erences 144-145, 147-148).

4.1.13 ltaly

ltaly began its national space-based tele-
communications program with the experimental
Sirio spacecraft developed in the 1970’s. These
relatively small (approximately 220 kg on-sta-
tion in GEQO), spin-stabilized spacecraft were
constructed by an Italian aerospace consortium
to test the characteristics of 18/12 GHz trans-
missions. The drum-shaped spacecraft had a
diameter of 1.4 m and a height of 1 m and was
covered with solar cells which produced a maxi-
mum of 150 W. Sirio 1 was launched in 1977
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and functioned well past its 2-year design life
before being retired in 1992. Sirio 2 was lost in
an Ariane launch failure in 1982.

Italy’s first operational communications sat-
ellite was launched 15 January 1991 by an Ari-
ane booster. Developed by a contractor team
led by Alenia Spazio, ITALSAT carries ten
active transponders plus five spares for 30/20
GHz and 50/40 GHz links with a capacity of
12,000 telephone circuits. The 900-kg (on-sta-
tion) spacecraft consists of a rectangular bus
2.3 m by 2.7 m by 3.5 m and two solar panels
with a total span of 21.8 m and more than 1.5
kW power. The design life for the first test vehi-
cle is only five years. ITALSAT 2 is not sched-
uled for launch until 1996 when it will also carry
ESA’s first European Mobile Services payload.
ITALSAT 2 was undergoing environmental test-
ing in France in late 1994. ITALSAT 1 is sta-
tioned at 13.2° E, which will also be the home of
ITALSAT 2 (References 146, 149-152).

Two new GEO systems are under consider-
ation by ltaly for deployment by the end of the
decade. SARIT (Satellite di Radiodiffusuione
ltaliane) could provide direct broadcast televi-
sion service formerly handied by ESA’s Olym-
pus Satellite and may be based on the ITALSAT
design. This ambitious project is currently suf-
fering from the organizational and budgetary dif-
ficulties at ASI. Also being designed is the
SICRAL (Sistema ltaliana de Communicazione
Riservente Allarmi) military communications
system with satellites positioned at 16° and 22°
E. The multi-purpose spacecraft would include
transponders for 8/7 GHz and 14/11 GHz com-
munications. Alternatively, SICRAL may appear
as a transponder package on another host
spacecraft. In either case, launch is not
expected until 1997 or later.

Meanwhile, in LEO two Italian microsatel-
lites were launched in 1993 less than a month
apart. The first, TEMISAT (Telespazio Micro
Satellite), was built by Germany’s Kayser-
Threde GmbH under contract to Italy’s
Telespazio and was launched as a piggy-back
satellite with Russia’s Meteor 2-21 on a Ukra-
nian Tsyklon launch vehicle. The 32-kg TEMI-
SAT was released into an orbit of 937 km by
969 km at an 82.5° inclination on 31 August
1993. The principal mission of TEMISAT is to
collect environmental data from numerous, dis-
persed transmitters and forward the information
to special data collection centers in the 138-150
MHz band. TEMISAT 1 was expected to oper-




ate 3-5 years but failed in the Fall of 1994 (Ref-
erences 153-157).

ITAMSAT (ltalian Amateur Satellite), aka
OSCAR 26, was launched as one of six piggy-
back microsatellites on the SPOT 3 mission on
26 September 1993. From its 500-km sun-syn-
chronous orbit, ITAMSAT, like its amateur radio
satellite predecessors, will connect radio enthu-
siasts around the world. The 10-kg, 23-cm cube
satellite was designed and built by the Asso-
ciazione Radiomatori Italiani near Milan for only
$200,000. A second ITAMSAT is under devel-
opment (References 158-160).

4.1.14 Japan

By the end of 1994 Japan had deployed 19
GEO communications satellites from five series
and was maintaining a constellation of 10 oper-
ational satellites at seven locations in the geo-
stationary ring from 110° E to 162° E. Japan’s
extensive satellite-based communications pro-
gram is 17 years old and has been promoted by
both the national space agency NASDA and by
the commercial sector. Since the program’s
inception, Japan has employed a mix of domes-
tic and foreign spacecraft and launch services.
Although Japan deployed another commercial
communications satellite during 1993-1994, the
long-awaited experimental ETS VI failed to
reach GEO and was stranded in GTO.

Japan’s Engineering Test Satellite (ETS)
series began in 1975, and two years later
NASDA'’s first GEO platform ETS il (also known
as Kiku-2) was launched by an N-1 booster and
stationed at 130° E. This mission not only vali-
dated the GEO launch technique but also tested
spacecraft control systems vital to future com-
munications satellites. Experimental communi-
cations at 1.7 GHz, 11.5 GHz, and 34.5 GHz
were tested. The 130-kg, spin-stabilized ETS i
was finally retired in 1991.

The first ETS series spacecraft to have a
specific communications objective was ETS V
(Kiku-5), launched on 27 August 1987 by an H-|
booster and stationed at 150° E. ETS V was
Japan’s first 3-axis stabilized GEO satellite with
an on-station mass of 550 kg. The spacecraft
carried two 1.6/1.5 GHz transponders to test an
INMARSAT compatible mobile communications
system. The spacecraft bus measured 1.4 m by
1.7 m with a twin solar panel span of 9.7 m. At
the end of 1994, ETS V was still positioned near
150° E.
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FIGURE 4.18 ETS VI SPACECRAFT.

ETS VI, with a wide assortment of commu-
nications systems and experiments, was
launched on the second mission of the new H-1i
vehicle on 28 August 1994. Although the H-I
performed as expected and placed the space-
craft into a GTO, the Liquid Apogee Propulsion
System (LAPS) malfunctioned, leaving ETS VI
in an elliptical orbit of approximately 7,800 km
by 38,700 km at an inclination of 13.1°. The
spacecraft remained operational, but its non-
nominal orbit posed severe experimental limita-
tions and presented unanticipated environmen-
tal stresses.

The 2.0-metric-ton (on-station) ETS VI was
designed and manufactured by prime contrac-
tors Toshiba and Mitsubishi. The spacecraft bus
is 2m x 2.8m x 3m and supports two solar
arrays (total power = 4.2 kW) with a span of
approximately 30 m (Figure 4.18). The 660-kg
payload includes numerous transponder sys-
tems, primarily at the higher frequencies of 30/
20 GHz and above. A major mission objective
was the testing of an inter-satellite communica-
tions system utilizing Ka-band, S-band and O-
band links. A laser space-ground link was also
planned, as were tests of a new ion propulsion
system. The design 10-year lifetime will proba-
bly not be met, but most of the experiments are
expected to be carried out, if not as extensively
as planned (References 161-170).

Prior to the ETS VI failure, the next commu-
nications-oriented ETS mission was the pro-
posed ETS N which would be launched about
2001 to test cellular phone technologies. Also
under consideration is an ETS VIII which could
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combine the objectives of ETS VI and N (Refer-
ences 171-172).

Already in development before the ETS VI
accident was the Communications and Broad-
casting Engineering Test Satellite (COMETS),
also sponsored by NASDA, designed to test
inter-satellite and advanced mobile satellite
communications. With an overall mass and
spacecraft bus similar to ETS VI, COMETS, to
be launched in 1997, would carry a variety of
Ka-band and S-band transponders and would
be stationed at 121° E. Gallium arsenide solar
cells will provide increased power (up to 5.5
kW) as compared to ETS VI. Eventually a 2-sat-
ellite Data Relay and Tracking Satellite (DRTS)
network (Figure 4.19) is envisioned with full
compatibility with its American and European
counterparts (References 173-177).

A LEO laser-based optical communi-cations
testbed has been approved by NASDA for
launch in 1997 on a J-| booster. Dubbed
OICETS (Optical Inter-Orbit Communications
Engineering Test Satellite), the 500-kg class
vehicle will be placed into a 500-km-high orbit
and will work directly with ESA’s ARTEMIS sat-
ellite. OICETS will carry both S-band and laser
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communications packages. The rectangular
spacecraft bus will be approximately 0.8m x
1.1m x 1.5m with two solar arrays stretching a
total span of nearly nine meters (References
178-181).

The Japanese CS (Communications Satel-
lite) series has been highly successful since its
debut in 1977. The prototype satellite CS (also
known as Sakura) was operational from 1977 to
1985. The second generation, operational
spacecraft, CS-2a and CS-2b, were launched in
1983 and continued to function until 1991 and
1990, respectively.

The current constellation is comprised of
CS-3a and CS-3b (launched in 1988) and sta-
tioned at 132° E and 136° E. These spin-stabi-
lized, drum-shaped (diameter of 0.2 m and
height of 0.3 m) spacecraft (Figure 4.20) pos-
sess an on-orbit mass of 550 kg (compared to
the 350 kg CS-2 satellites) and are based on
U.S. Ford Aerospace designs. The communica-
tions payload consists of 10 active plus five
spare 30/20 GHz transponders and two active
plus one spare 6/4 GHz transponders. The pri-
mary contractors are Mitsubishi and NEC Cor-
poration (References 175 and 182).

By the time the design lives of CS-3a and
CS-3b are reached in 1995, the next generation
of satellites in the series are scheduled to be
launched. Known as CS-4 or N-Star, the new
spacecraft will be procured by the Nikon Tele-
graph and Telephone company from the U.S.
and will be based on Loral’'s FS-1300 platform.
The N-Star payload will consist of eight 14/11
GHz, eleven 30/20 GHz, and five 6/4 GHz tran-
sponders and should be operational for ten
years. Aerospatiale is under contract to provide
unique 2.6 m by 4.5 m composite antennas for
the C-band and Ku-band transponders. The N-
Star spacecraft may also be able to satisfy
some of the objectives of the hampered ETS VI
(References 175, 183-185). :

A year after the first CS-class satellites
were launched, the BS (Broadcasting Satellite)
program was inaugurated with the flight of BSE
(Experimental) also known as Yuri. As the name
implies, BS satellites are designed for television
broadcasting and were initially developed for
the Japanese Ministry of Posts and Telecom-
munications and for the Japan Broadcasting
Corporation (NHK). All BS satellites have been
located at 110° E and have been of the same
basic configuration: 3-axis stabilization of a
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rectangular spacecraft bus with two elongated
solar arrays.

The 350-kg BSE was followed in 1984 and
1986 by the operational and essentially identi-
cal BS-2a and BS-2b, respectively. Each space-
craft carried two active and one spare 100 W,
14/12 GHz transponders. Built by Toshiba with
assistance from General Electric, the BS-2
series were designed for five years of opera-
tions. BS-2a was moved to a graveyard orbit in
1989, followed by BS-2b in 1992.

After losing two BS spacecraft in launch
accidents (Ariane in February, 1990, and Atlas-
Centaur in April, 1991), the BS constellation
from 1990-1994 consisted of BS-3a (August,
1990) and BS-3b (August, 1991). The BS-3
class satellites (Figure 4.21), which have expe-
rienced some difficulties, have an initial on-sta-
tion mass of 550 kg and are based on the Lock-
heed-Martin (GE) 3000 bus. The 15-m span
solar arrays provide slightly less than 1.5 kW at
beginning of life. The payload includes three
active and three backup 14/12 GHz transpon-
ders and a single 14/13 GHz unit. A third BS-3
named BS-3N was finally launched by Ariane
on 8 July 1994. Co-located with its predeces-
sors and with a similar payload, the spacecraft
possessed a higher on-station mass of 700 kg.
A more powerful B-SAT (formerly BS-4) genera-
tion spacecraft is under development for a
maiden launch in 1997. The Hughes-built, 1.25-
metric-ton spacecraft are being developed by
the newly formed B-SAT (Broadcast Satellite

FIGURE 4.21 BS-3 SPACECRAFT.




System) Corporation (References 175, 186-
194).

During 1979-1980 Japan launched two
Experimental Communications Satellites (ECS,
also known as Ayame) on N-I boosters from
Tanegashima. However, both satellites were
lost shortly after launch during the firing of their
apogee kick motors. These small, 130-kg, spin-
stabilized satellites were not replaced and the
Japanese ECS program was terminated.

In 1989 two, purely commercial Japanese
communications networks were started, both
relying on U.S.-made spacecraft. In 1985 the
Japanese Communications Satellite Company
was created by Hughes, Mitsui, and C ltoh as a
commercial alternative to the Government con-
trolled CS and BS satellites for the full range of
telecommunications services (Hughes later left
the consortium). In March, 1989, and January,
1990, JCSAT 1 and JCSAT 2 were launched by
Ariane and Titan 3 boosters, respectively. Both
spacecraft are identical and based on the
Hughes HS-393 platform.

These 1.4-metric-ton spin-stabilized space-
craft are 3.7 m in diameter and 10 m tall when
the solar array skirt is extended. The communi-
cations payload consists of 40 14/12 GHz tran-
sponders (including eight spares), working
through a single 2.4 m diameter antenna. The
JCSAT spacecraft are deployed at 150° E (next
to ETS V) and 154° E and are designed to oper-
ate for at least ten years. JCSAT 3 was sched-
uled for launch in 1995 and will use the larger
HS-601 bus to carry 12 C-band and 28 Ku-band
transponders. The on-station mass will be 1,820
kg (References 195-200).

The Space Communications Corporation of
Japan (SCC) was formed a month before

FIGURE 4.22 SUPERBIRD SPACECRAFT.
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JCSAT in 1985 but did not launch its first satel-
lite until three months after its competitor.
SCC’s Superbird spacecraft are based on
Loral's (formerly Ford Aerospace) FS-1300 bus,
which was also selected for the N-Star replace-
ment of the CS-3 satellites. The 1.5-metric-ton
Superbird spacecraft carry a total of 26 tran-
sponders: 23 (with 8 spares) at 14/12 GHz and
3 at 29/19 GHz.

Superbird A was launched in June, 1889, by
Ariane (as have been all Superbird satellites)
and was stationed at 158° E. A second satellite,
Superbird B, was lost in the Ariane accident of
February, 1990. Before a replacement could be
launched, Superbird A malfunctioned, necessi-
tating its transfer to a graveyard orbit in 1991.
The constellation of two spacecraft (Figure
4.22) at 158° E and 162° E was finally estab-
lished in 1992 with Superbird A1 (1 December
1992) and Superbird B1 (26 February 1992).
Both were still operational at the end of 1994.
Superbird C, based on the Hughes HS-601 plat-
form, will be launched in 1997 with a total of 24
C-band and Ku-band transponders (References
201-204).

In 1986 and then again in 1990 Japan
launched small amateur radio satellites under
the OSCAR program. The two 50-kg spacecraft,
Fuji 1 (Oscar 12) and Fuji 2 (Oscar 20), were
constructed by the Japan Amateur Radio
League and were roughly 0.4 m by 0.4 m by 0.5
m. Fuji 1 was inserted into a nearly circular orbit
of about 1,500 km at an inclination of 50° along
with a primary geodetic payload, and Fuji 2
accompanied a maritime observation satellite
into space, reaching an orbit of 910 km by 1,750
km at an inclination of 99°. Fuji 1 failed in 1989,
but Fuji 2 remained operational in 1994.

4.1.15 Luxembourg ;

The Luxembourg-based Societe Europ-
eenne des Satellites (SES) provides telecom-
munications services to most of Europe via
American-manufactured spacecraft. The Astra
network was doubled during 1993-1994 and at
the end of 1994 consisted of four satellites, all
launched by Ariane and stationed at 19.2° E:
Astra 1A (December, 1988), Astra 1B (March,
1991), Astra 1C (May, 1993), and Astra 1D
(November, 1994).

Astra 1A and Astra 1B are both based on
Lockheed-Martin (GE Astro Space) spacecraft
buses, although the former is a 1.0 metric ton
4000 series platform and the latter is a 1.5 met-




FIGURE 4.23 ASTRA 1C SPACECRAFT IN
CHECKOUT.

ric ton 5000 series platform. Astra 1A measures
1.5 m by 1.7 m by 2.1 m with a solar pane! span
of 19.3 m and 2.8 kW capacity. Meanwhile,
Astra 1B has overall dimensions of 2.2 m by 2.2
m by 2.8 m with a solar panel span of 24.3 m
and 4.9 kW. Both spacecraft carry 16 Ku-band
transponders, but those on Astra 1B are higher
power (60W versus 45W). :

Astra 1C and 1D rely on the Hughes HS-
601 spacecraft bus with an on-station mass of
1.7 metric tons. Each spacecraft carries 16 Ku-
band transponders (plus six spares) and spans
21m across its two solar arrays, which provide
more than 3 kW. The design lifetime is at least
15 years.

Four additional Astra 1 spacecraft are
scheduled for launch during 1995-1998 and all
will be procured from Hughes. Astra 1F in 1996
will become the first Western GEO communica-
tions satellite to be launched by Russia’s Proton
booster (References 205-209).

4.1.16 Malaysia

A long-time user of INTELSAT and Indone-
sian communications satellites, Malaysia
decided in 1991 to establish a domestic GEO
communications system with the aid of US-built
spacecraft. Two Malaysia East Asia Satellites
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(MEASATSs) are scheduled for launch beginning
in 1996 with a principal location at 91.5° E. The
Hughes HS-376 spin-stabilized spacecraft wil
feature several improvements over its class,
including gallium arsenide solar cells, greater
payload power availability, and a new light-
weight, high-gain antenna. The MEASAT 1
communications payload will consist of 12 C-
band and four, high power (110 W) Ku-band
active transponders. The design lifetime is 12
years (References 210-215).

4.1.17 North Atlantic Treaty Organization
(NATO)

Headquartered in Brussels, Belgium, the
NATO Communications and Information Sys-
tems Agency maintains three primary opera-
tional spacecraft in GEO to provide command,
control, and communications among the US
and the European members of NATO. The
NATO Phase | communications network used
the US Defense Satellite Communications Sys-
tem (DSCS) from 1967 until Phase Il began with
the launches of NATO 2A and NATO 2B in
March, 1970, and February, 1971. These
spacecraft were based on the UK Skynet 1
design with an on-station mass of 130 kg and X-
band transponders.

The NATO 3 series included four spacecraft
deployed between 1976 and 1984: NATO 3A
(April, 1976), NATO 3B (January, 1977), NATO
3C (November, 1978), and NATO 3D (Novem-
ber, 1984). Produced by Ford Aerospace, the
spin-stabilized NATO 3 spacecraft possessed
an on-station mass of 310 kg and retained simi-
lar X-band frequencies. At the start of 1993,
NATO 3B and 3D were both still operational,
although the former was retired and placed in a
graveyard orbit in July of that year. NATO 3D
remained on station through 1994 at 21° W.

In 1991 the NATO 4 series, based on the
UK’s Skynet 4 spacecraft, debuted with the
launch of NATO 4A in January. NATO 4B fol-
lowed in December, 1993, and together the two
satellites serve as the backbone of NATO's sat-
ellite communications system. They are
deployed at 18° W and 6° E, respectively, with
an on-station mass of more than 800 kg and a
design lifetime of seven years. The communica-
tions bands are now in the UHF (2 transpon-
ders) and SHF (3 transponders) bands. Plans
for a NATO 5 series are likely to be shelved in
favor of leasing commercial circuits (Refer-
ences 216-218).




4.1.18 Norway

Norway became an instant GEO communi-
cations operator when in late 1992 Norwegian
Telecom purchased the on-orbit Marcopolo 2
(aka BSB R2) spacecraft from the firm of British
Satellite Broadcasting. Marcopolo 2 is a Hughes
HS-376 class spacecraft launched in August,
1990. The spin-stabilized spacecraft (2.2 m
diameter and a deployed height of 7.2 m) had
an initial on-station mass of 660 kg and a pay-
load of five active Ku-band transponders. The
spacecraft, renamed Thor, was moved from 31°
W to 1° W, where it remained in operation
throughout 1993-1994. Thor is being aided by
INTELSAT 702, which is co-located with Thor
(References 219-220). _

4.1.19 Pakistan

Although Pakistan has expressed an inter-
est to develop a GEO communications system,
the country is still several years away form
deploying the first satellite. In the meantime,
Pakistan is experimenting with basic store/
dump communications relays in LEO. A 50-kg
Badr-1 satellite was launched as a secondary
payload on the Chinese CZ-2E mission of 16
July 1980. Originally designed for a nearly cir-
cular orbit of 400-500 km, Badr-1 was inserted
into an orbit of 205 km by 990 km which led to a
natural decay after only 145 days, although
contact with the vehicle ceased on 20 August.
However, during its short mission, the satellite
successfully completed store/dump message
tests using 144-146 and 435-436 MHz frequen-
cies.

The Pakistan GEO constellation is being
designed with a capacity of 4,800 long distance
telephone channels, 2,400 rural circuits, and
two direct broadcast television channels in the
14/11 GHz band. PAKSAT GEO locations near
38° E and 41° E are planned (References 221-
222),

4.1.20 People’s Republic of China

The PRC currently operates a constellation
of three Dongfanghong-2 (DFH-2) communica-
tions satellites in GEO for domestic needs. The
debut of the much more capable DFH-3 series
was spoiled in late 1994 when the spacecraft
failed to reach GEO. Meanwhile, a second-hand
US satellite has been procured and new satel-
lite designs are in development. ,

Designed, manufactured, and launched by
indigenous means, the modest DFH-2 space-
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FIGURE 4.24 DFH-2 SPACECRAFT.

craft are analogous to 1960’s era Western GEO
satellites (e.g., INTELSAT 3), although slightly
heavier. After an initial CZ-3 launch failure in
January, 1984, the first Chinese GEQO satellites
were deployed in April, 1984, and February,
1986, to 125° E and 103° E, respectively. Both
satellites apparently continued to operate until
1990-1991, by which time they had been
replaced by the operational DFH-2 series. With
an on-orbit mass of 441 kg (compared to 433 kg
for the earlier satellites), DFH-2 spacecraft were
successfully placed in GEO in March, 1988,
December, 1988, and February, 1990, and
positioned at 87.5° E, 110.5° E, and 98° E,
respectively. All three satellites remained on
station at the end of 1994. A fourth DFH-2 was
lost on 28 December 1991 when its CZ-3 upper
stage failed to reignite.g\

The DFH-2 is a spin-stabilized, drum-
shaped satellite with a diameter of 2.1 m and a
height of 3.1 m (Figure 4.24). The communica-
tions payload consists of only two 6/4 GHz tran-
sponders with an output power of 10 W. The
total electrical power capacity is assessed to be
about 300 W (the first two experimental satel-
lites were rated at 284 W) (References 223-
227).
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FIGURE 4.25 DFH-3 SPACECRAFT.

The DFH-3 generation spacecraft, long in
development, will be much larger (more than
one metric ton on-station), will utilize 3-axis sta-
bilization, and will bear a resemblance to the
GE Astro Space 5000 series spacecraft (Figure
4.25). More importantly, the communications
payload will consist of up to 24 6/4 GHz tran-
sponders for both telephone and television
transmissions. The design life of the DFH-3 will
be double that of DHF-2, i.e., eight years com-
pared to four years.

Due to its size the DFH-3 requires a more
capable launch vehicle than the DFH-2’s CZ-3.
To this end the CZ-3A was first tested on 8 Feb-
ruary 1994, successfully placing a dummy DFH-
3 spacecraft and a small scientific satellite into
GTO. Nearly 10 months later on 29 November,
DFH-3 1 followed, entering GTO precisely as
planned. Unfortunately, however, the German-
supplied apogee kick stage malfunctioned,
causing Chinese officials to use the spacecraft's
propulsion system to lift the vehicle into a sub-
geosynchronous orbit where the spacecraft was
declared lost. (DASA also contributed compo-
nents for the communications antennas and
solar array mechanism as well as provide over-
all design guidance.) The second DFH-3 space-
craft was not expected to be ready for launch
until 1996 (References 228-238).

During 1993-1994 DASA and China formed
a new venture named EuraSpace which will
develop a follow-on DFH-3 spacecraft desig-
nated Sinosat. Like DFH-3, Sinosat will be
largely Chinese made with some German com-
ponents and management assistance. The pre-
liminary design for Sinosat envisions as many
as 12 C-band and six Ku-band transponders ini-
tially with growth up to 30 transponders. The
spacecraft is likely to be 50% more massive
than DFH-3, but the first launch will probably
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not occur before 1997 (References 236, 239-
243).

To help offset the loss of DFH-2 4 and the
delay in the DFH-3 program, China in late 1992
purchased the nearly 9-year-old Spacenet 1
(May, 1984) from GTE. In 1993 the spacecraft,
renamed Zhongxing 5 (aka Chinasat 5), was
moved to 115.5° E. The spacecraft's payload
consists of 18 C-band and six Ku-band tran-
sponders. Subsequently, China and INTELSAT
reached an agreement on joint ownership of
Zhongxing 5 and the to-be-launched INTELSAT
805 (References 244-251).

China also announced in 1994 a plan to
deploy a GEO data relay satellite later in this

~ decade. However, formal program approval had

not yet been granted (Reference 252).

4.1.21 Philippines

While a strong customer of various Western
Rim communications services, the Philippines
has sought during the 1990’s to assemble sup-
port for a domestically owned GEO communica-
tions system. By late 1994, two commercial
ventures were attempting to field potentially
competing networks by the end of 1996. Each
program, one led by Philippine Agila Satellite,
Inc., and one led by Mabuhay Philippines Satel-
lite Corporation, would employ Western space-
craft equipped with a mix of C-band and Ku-
band transponders. More definitive plans,
including a possible merger of the projects,
were expected in 1995 (References 253-256).

On a related front, the Philippine Long Dis-
tance Telephone Company is one of the three
principal partners in the ACES network to pro-
vide cellular phone service to parts of Asia
(Section 4.1.8). ‘

4.1.22 Russian Federation

For the 20-year period from 1975 through
1994 the Russian Federation (prior to 1992, the
Soviet Union) conducted an average of 16 com-
munications missions.each year. With the use
of multiple-satellite launches, more than 600
individual spacecraft were placed in Earth orbit
during this period into one of three regimes:

(1) low Earth orbits, :

(2) highly elliptical, semi-synchronou

orbits, or

(3) geosynchronous orbits.

On a daily basis in 1994, approximately 80
communications satellites, from 250-2,500 kg,
were operational.




The “Russian Federal Space Program to
the Year 2000” identifies nearly twenty new sat-
ellite communications systems. Networks
receiving federal support in addition to commer-
cial financing include Arkos, Express-M, Gals-
R, Gonets, Mayak, Signal, and Yamal. Those
which must secure complete commercial back-
ing are Bankir, Express, Gals, Gelikon, Globsat,
Kondor, Koskon, Kuryer, Nord, Sokol, SPS-
Sputnik, and Zerkalo.

During 1993-1994, 27 launches involving 47
communications satellites were undertaken, or
29% of all Russian space missions. Despite one
launch failure, 27 LEO, 7 highly elliptical, and
12 GEO spacecraft were successfully deployed.
While these numbers represent about half of
the operational network (an acceptable 2-year
turnover), some specific constellations have
become increasingly populated with spacecraft
operating beyond their design lifetimes. This sit-
uation is especially apparent in GEO.

4.1.22.1 Low Earth Orbits

The lowest level of the three-tier communi-
cations satellite constellation is now populated
with two distinct systems devoted to military and
government communications. Both systems are
assessed to be simple store-dump repeaters
which are particularly useful in relaying non-
essential traffic between the Russian Federa-
tion and overseas stations or forces.

The first system debuted in 1970 and con-
sists of 750-1,000 kg satellites deployed at
mean altitudes of 800 km in three orbital planes
inclined 74° to the equator and spaced 120°
apart. These Strela 2 spacecraft are launched
separately by the Kosmos launch vehicle from
the Plesetsk Cosmodome into each orbital
plane at intervals of 24-36 months in recent
years. The activity of satellites can be moni-
tored via a characteristic CW beacon emitted on
a frequency of 1563.660 MHz.

At the beginning of 1993 the principal mem-
bers of this constellation were Kosmos 2112,
Kosmos 2150, and Kosmos 2208. On 16 June
1993 Kosmos 2251 was launched to replace the
oldest of the trio. Likewise, on 20 December
1994, Kosmos 2298 was placed into orbit to
takeover from the then-oldest member, Kosmos
2150.

Also, debuting in 1970 was a communica-
tions system of small (61 kg, 0.80 m by 0.75 m)
relay satellites launched from Plesetsk by the
Kosmos booster in groups of eight (Figure
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4.26). Although the mean altitude of this con-
stellation was near 1,500 km, each set of eight
Strela 1 satellites was normally dispersed into
slightly elliptical orbits with mean altitudes
between 1,430 km and 1,490 km. The inten-
tional orbital period differences of about 0.15
min ensured that the satellites would become
randomly spaced about the orbital plane shortly
after launch. Unlike the lower altitude constella-
tion, this network relied on a single orbital plane
with an inclination of 74° which was replenished
on the average once each year. The last mis-
sion in this program was in June, 1992, and the
network has now been superseded by the more
modern and capable Strela 3 system.

The Strela 3 system, which began missions
in 1985, is launched by the Tsyklon-3 booster
from the Plesetsk Cosmodrome into orbits near
1,400 km at inclinations of 82.6° with six space-
craft stacked atop each launch vehicle. Two
orbital planes, spaced 90° apart, apparently
each contain 10-12 operational spacecraft. Nor-
mally, two missions are conducted per year,
suggesting an average spacecraft lifetime of
approximately 24 months. Four missions were

FIGURE 4.26 STRELA 1 SPACECRAFT.




FIGURE 4.27 GONETS CLASS SPACE-
CRAFT IN ASSEMBLY.

undertaken during 1993-1994: Kosmos 2245-
2250 (May, 1993), Kosmos 2252-2257 (June,
1993), Kosmos 2268-2273 (February, 1994),
and Kosmos 2299-2304 (December, 1994). The
220-kg spacecraft have a diameter of 1.0 m and
a main bus height of 1.5 m. A gravity-gradient
beam is extended on-orbit to provide passive
attitude stabilization. :

In 1990 the principal spacecraft developers
(the Applied Mechanics Scientific Production
Association and the Precision Instruments Sci-
entific Production Association) began to market
a slightly modified satellite as a commercial
communications relay. Through the SMOLSAT
Consortium in Moscow, which also includes the
Soyuzmedinform Scientific Production Associa-
tion and an American partner (COSSCASP,
later known as Network Services International),
the spacecraft have been offered to support
international health organizations to meet their
global communications needs, e.g., the transfer
of medical data and records to remote sites. In
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the commercial variant, the satellites, known as
Gonets (Messenger), are capable of store/dump
communications on 2-3 channels in the 200-400
MHz band with a transmitter output power of 10
W. The 250-kg Gonets are expected to be
deployed at 1,350 km at 82.5°, similar to the
Strela 3 satellites but distributed among 6
orbital planes for a total constellation of 36
spacecraft (Figures 4.27 and 4.28). This infra-
structure should ensure a mean communication
waiting time of less than 20 minutes with more
than 80% probability. Attitude control is
achieved through gravity-gradient stabilization.
The electrical power system, provided by solar
cells and nickel-hydrogen batteries, provides an
average 40 W for the payload which is designed
to operate for five years.

Data transmission rates available include
2.4 kbits/s, 9.6 kbit/s, and 64 kbit/s with an on-
board storage capacity of 8 Mbytes. A hand-
held user terminal (UT-P) resembles a cellular
phone and weighs only 1-3 kg. Two demonstra-
tion Gonets (Gonets D) satellites were included
in the Kosmos 2197-2202 mission (specifically,
Kosmos 2199 and Kosmos 2201) and were
tested successfully during 1992. Three addi-
tional Gonets D spacecraft were scheduled for
launch in 1993, but did not appear. The first
generation Gonets system, if deployed, may be
followed by an advanced Gonets-R design
equipped with satellite-to-satellite links. Gonets-
R may employ larger, 950-kg spacecraft in even
greater numbers (45) and operate at L- and Ku-
bands (References 257-263).

LEO was also the destination of a small
amateur radio satellite launched on the maiden
orbital mission of the Rokot booster on 26
December 1994. Dubbed Radio-ROSTO (Rus-
sian Defense, Sport, and Technical Organiza-
tion), the 72-kg spacecraft closely resemb